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THE PILOT PLUG GAUGE CO LIMITED 
COVENTRY - PHONE: 87341/2 



















PILOT PRACTICALITIES No. 2 


A series to acquaint engineers with the very practical advantages 
of PILOT plug gauges which reduce gauging costs. 


The gauging member is held in the handle by means of a taper enabling it to 
be removed and replaced by a new end when worn undersize. PILOT handles 
unlike the B.S.I. design are smaller across the corners than the diameter of 
the gauging member so that the gauge can be used to check a deep hole equal to 
the length of the “GO" end plus the handle. The handles are heat treated 
aluminium alloy extruded bar of great strength, and are anodised in five colours. 
Red, Green, Blue, Amber and Self-colour for identification. The gauge ends 
are hardened to Rockwell C 65/68 and finished to -6 micro inches or better, 
and to within 20 millionths of ‘top limit’ (the maximum permissible manufacturing 
size in the BS specification). They are parallel to 20 millionths of an inch 
or less. In this way the greatest possible life is ensured. Your name is 


engraved upon the handle! 


“PRACTICALLY” PERFECT 


PILOT 
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SPECIAL FEATURES 
Computers Applied 
At the I.Mech.E. last month a large attendance of old and young 


engineers discussed prospects and present practice. CONTROL reports 
some of the exchanges 


Analogue-computer Analysis of Rolling-mill Controls—2 


R. B. LARKINSON concludes that analogue computers will find 
general use, and this view is supported in a CONTROL report of last 
month's S.1.T. lecture by A. H. DOVETON and K.C.W.PEDDER 


Load Cells in Industrial Weighing—3 


Dr. R. B. SIMS of Davy-United details some more of the errors that 
can crop up, and summarizes the installation requirements 


Nucleonic Measurement of Level—2 


The main disadvantage is relatively high cost, says E. P. JONES of 
Isotope Developments, but—paradoxical though it may sound— 
appreciable economic saving is possible on certain plant 


Hydraulic Servos—C 


English Electric's P. D. BOYER discusses the servo-valve, non- 
linearity (which he thinks is overrated), pressure compensation, power 
saturation, and actuators 


Digital and Hybrid Simulation Techniques 


R. J. A. PAUL of the College of Aeronautics joins forces with 
M. E. MAXWELL of Short Bros. & Harland to describe a method 
for synthesis of non-linear functions 
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Viewpoint: Who is in Control? by R. E. Burnett 
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Lockheed 


for 


HYDRAULIC 
VALVES 


We market a wide range of valves 
to meet the requirements of 


hydraulic systems. 


Our range of units is designed for 
working pressures up to 3,000 
p.s.i. and is generally suitable for 
fluid flows up to 30 g.p.m. but some 
units are of larger capacity. 


We shall be pleased tc quote you 


for your hydraulic valve require- 
ments or alternatively to engineer 
and supply complete hydraulic 


systems. 


Our hydraulic installations carry 


twelve months free service. 


Pamphlets of Lockheed valves on 
application. 


LOCKHEED PRECISION 
PRODUCTS LIMITED 
INDUSTRIAL HYDRAULICS DIVISION 
SHAW ROAD, SPEKE, LIVERPOOL 24 
(Hunts Cross 2121) 


There are Industrial Hydraulic Sales 
Engineers at your service also at 


AUTOMOTIVE HOUSE 
GREAT PORTLAND STREET, LONDON W.1 
Langham 2527 
TACHBROOK ROAD, LEAMINGTON SPA 
Leamington 2700 
144 ST. VINCENT STREET, GLASGOW C.2 
Central 029/ 











An Electro-Hydraulic Copying 
Attachment fitted to the Drummond 
Maximinor Combined Multi-tool and 
Copy Turning Lathe. 
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ELECTRO- 

& HYDRAULIC 
COPYING 
SYSTEMS 


Electro-Hydraulic Copying Systems 
for all types of machine tools can be 
built from a range of standard units. 
These are two examples of their 
application. Our technical staff are at 
your disposal to advise on your 


particular copying problem. 


One- and Two-dimensional copying 
systems are available now and a 
Three-dimensional system is at an 


advanced stage of development. 





Trecker Milling Machine fitted with an 
Electro-Hydraulic Servo Attachment for 


copy milling. 


SPERRY 


GYROSCOPE COMPANY 


LIMITED 


Great West Road 
Brentford, Middlesex 


Tel: ISLeworth 1241 Telex: 23800 
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VIN 


Pot 
Core 


Assemblies 


offer... 


with an accuracy of better than 0.02% 


Any assembly in the Mullard Vinkor range can be easily 
adjusted to an accuracy of better than -++-0.02°%, by using 
a trimming screwdriver, whilst stability is ensured by 

the self-locking action of the adjuster core. The range of 
adjustment is approximately +7°,, about the nominal 
mid-position of the adjuster core. Over and above these 
advantages, for each size of core there is a choice of three 
permeabilities, which are controlled to close limits so that 
it is possible to calculate and wind an inductance to 
+3°% of the value required before adjustment. 

These are just some of the reasons why leading equipment 
designers acclaim Vinkor as the world’s most efficient 

pot core. If you have not received your copy of 

Vinkor data, write at once to the address below. 


Mullard Ltd. Component Division, Mullard House, Torrington Place, W.C.1 


MC. 2868 
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Cubicle Pattern Switchboards 


incorporating fused switches, 
distribution boards, contactors and 
relays, such as illustration, 


save space and money. 





Our full range, includes L.T. Air Circuit Breakers, Rising Main and Overhead Busbars, 


Distribution Fuseboards, Skirting, Ducting and Motor Starter Cubicles. 








VARILECTRIC LTD., 10 MELON ROAD, PECKHAM, LONDON S.E.15 


Telephone : (Works Office) RODney 6895/6/7 Telegrams and Cables: VARITRIC-PECK-LONDON 
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1100 E VARIPLOTTER 


26,070 DIGITAL VOLTMETER 


IN INSTRUMENTATION 








EAI. SETS THE ( X\ PACE + 


Electronic Associates, the world’s largest manufactuter_of, Géreral Purpose Analog Computers, now offers European industry | 
a complete line of PACE Instruments to help solve all types of Computation, Data Handling and Instrumentation problems. 
The high quality of PACE Equipment is guaranteed by Electronic Associates’ reputation and experience as the leading 
producer of Analog Computers for over eight years : 


The above photo shows several of the PACE line of Instruments which are available 


231R ANALOG COMPUTER. Newest addition to the world famous line of PACE Analog Computers. 
Capacity : 20 to 100 amplifiers and related nonlinear equipment. 0.01 % precision. Manual 
or Digital Potentiometers. Optional ADIOS system (Automatic Digital Input Output System). 


TR-10 TRANSISTORIZED DESK ComPUTER. Capacity 20 amplifier and nonlinear units. Precision 0.1%. 
Compactness, low power consumption and low voltage levels makes this an ideal nucleus 
for on-line computation of process control applications. Useful in laboratory and educat- 
ional 1nstitutions. 


DATAPLOTTER, TYPE 3033 B. For high speed conversion and plotting of digital input information 
into analog graphs. Point or Continous line plotting. Speed 60 points per minute. Precision : 
0.05°%. Works from IBM cards, paper tape and manual keyboard. 


8-CHANNEL RECTILINEAR RECORDER. Accurate and high speed recording oscillograph. Includes chop- 
per stabilized amplifier, push button chart speed and sensitivity control and heated stylus 
recording. 


MODEL 1/00E VARIPLOTTER. X-Y plotter for Computer and general laboratory use. .075 % Static 
Accuracy. With wide range of input sensitivities and vacuum holddown. Can also be used 
as function generator. 


MODEL 26.070 TRANSISTORIZED DIGITAL VOLTMETER. A general purpose readout instrument for high 
speed digital readout of analog voltages. Average speed - 200 readings per second. Accu- 
racy :0.01 % Includes reference and power supplies. Can be operated with EAI model 
39.034 high speed Printer. 

Skilled sales and application engineers from Electronic Associates stand ready to assist Eu- 
ropean industries of all types in solving their systems and instrumentation problems. 


TR-10 TRANSISTORIZED 
DESK COMPUTER 





DETAILS OF OUR COMPLETE LINE OF PACE COMPUTERS AND INSTRUMENTS WILL BE SENT UPON REQUEST. 


ELECTROMIC ASSOCIATES INC 43 rue de la Science Brussels 4 - Belgium 
EUROPEAN DIVISION Tel Brussels 11.43.69. - Telex 02-106 Pacebdelg tre 
ELECTROWIC ASSOCIATES LTD Victoria Rood . Burgess Hill - Sussex - Engiond 
WORKS AND HEAD OFFICE Tet Gurgess Mill 26.36 ~ Telex 8750 Pace Burgessht 
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ANALOG COMPUTERS 


TRADE MARK 
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FIRET OF FIELDEN © NEW ‘BIKINI ' RANGE! 












































Transistorised 





THE NEW FIELDEN | temperature 


control 


to within 0°5°C 


Low Cost—Send for details, you'll be surprised. 

Transistorised—Exceptional reliability. No 
warming up period, 12V Battery or mains 
supply. 

Intrinsic Safety—Low voltage, low current 
operation— Intrinsic safety certificate pending. 

Very Robust—completely sealed unit requires 
no attention. No pivots, galvos or other delicate 
moving parts. 

Easily fitted—simple clamp mounting with 
robust terminals for electrical connections. 
Can be mounted at any angle, for example on 
a sloping control panel. 

Remote control —Instrument can be up to 300 ft 
away from the measuring point using simple 
copper wiring. Measuring element is of platinum 
resistance type, housed in a robust }” diameter 
stainless steel sheath. 

Heavy Duty Contacts—Change over electrical 
contacts rated at 5 amps A. C, with quick make 
and break action, Pneumatic control available 
if required. 5 

Accurate calibration—Accurately calibrated 
scale 9” long marked in °C or °F, Easily set to 
required control temperature. j 

High stability — Control point will not vary ove 
many years service. Unaffected by ambigf 
temperaturé changes or by wide variatig 
supply yoltage. 

Wide Temperature range —will co 
temperature between —200° C an 
with a differential of o.5° C. 
low as 50° C. $ 

Modern and Compact—Cigg 
case. Occupies panel space gt 
Bold pointer shows cong 
lamp, visible from sj 
control action. 

Immediate delj 

0-120° C, o- 

available frog 










Send for full specification sheet BIK/I/NP and price list 





MANCHESTER Phone : Wythenshawe 3251 (4 lines) Grams : Humidity Mai 
- Branch Offices: LONDON, WALSALL, STOCK TON-ON-TEES, EDINBURGH AND O% 
Agents throughout the world 
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Space 50 Analogue Computer 
foremost in flexibility 














The techniques of analogue simulation are becoming increasing 
important in many fields of research and development. Solart 
Analogue Computers, which are provided with exceptional no 
linear facilities, enable the average industrial user to dir 
simulate a wide range of physical systems without having tor 
to special-purpose simulators. 


The inclusion of programmed timing devices, servo multipli 
and function generators, allows a great variety of non-lineat a 
control problems to be directly simulated. 


In order to assess the suitability of a particular computer fora! 
given application, it is essential that expert advice be sought bef 
the final specification is fixed. Accordingly, without obligat 

Solartron will be pleased to provide application eng 
assistance in the planning of computers to actual user requiremel 


THE SOLARTRON ELECTRONIC GROUP LTD., Thames Ditton, Surrey 
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The Solartron Diode Function 

Generator 

A 12-segment unit which sets a new 

high standard for resolving power, 
bandwidth and ease of operation. 


The Solartron Servo Multiplier 

An extremely accurate general purpose potentiometric 

puter fora} multiplier which is transistorised and employs gearless 

> sought bef} servo drive for exceptional dynamic performance. Up to 
ut obligatiog five variables may be simultaneously multiplied by one 

n_ engineer other, or up to the sixth power of a variable may be 


requiremeél generated by this versatile unit. 


Tel. EMBerbrook 5522 Gables & Telegrams: SOLARTRON, Thames Ditton 





SOLARTRON 
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Segmental Gain Error; 


Write now for 
literature 
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Features 
















STABILISED POWER SUPPLY 
TYPE 214 


Efficient, unfailing accuracy in all testing 
Operations is guaranteed with the STABI- 
LISED POWER SUPPLY TYPE 214. Now 
widely used in experimental and produc- 
tion applications, this heavy-duty unit 
provides an exceptionally stabilised output 
which can be varied continuously from 0 
to 500 V.—in two ranges at currents up 
to 250 mA. There is also an unstabilised 
output at 430 or 630 V., D.C., as well as 
two A.C, outputs. Voltages and currents 
are monitored to 1% accuracy. 



































SPECIFICATION 


POS. OUTPUT NEG. OUTPUT (Fixed) NEG. OUTPUT (Variable) 
VOLTAGE 0 to 500 V. 250 V. 0 to 250 V. 
CURRENT 0 to 250 mA. 0 to 100 mA. 0 to I mA. 
STABILISATION 15 mV. 15 mV. 15 mV. 
RIPPLE 1 mY. 500 pV. 500 nV. 
A.C. OUTPUTS Two outputs at 63 V., 5 A. 
MAINS SUPPLY 200 to 250 V., 50 c/s in 10 V. steps 


Please write for further specifications 










TRANSISTOR POWER SUPPLY TYPE 2TV/301 | 

Specification Per Unit 
OUTPUT VOLTAGE +0 to 30 V. OUTPUT CURRENT 0 to | ampere 
OUTPUT RESISTANCE 0:01 ohm STABILISATION 1500 : 1 
RIPPLE 1 mV. p to p MAINS INPUT 200 to 250 V. A.C. 50 c/s 
Please write for further specifications 

Two completely independent stabilising units— 

each monitored separately—are incorporated in 

the POWER SUPPLY TYPE 2TV/301. The units 

feature semi-conductors for control purposes 

and have a very low output impedance allow- 


ing maximum loading with negligible change in 
output voltage. Cut-outs and fuses are provided 
for protection against accidental overload. Typi- 
cal applications are D.C. heater supplies, accumu- 
lator replacement, transistor development and 
electroplating research. 


For full information and descriptive literature on other 
LABORATORY TESTING EQUIPMENT 


call,’ write or phone. 


KASAMA ELECTRONICS LTD. 


ILEX WORKS 10, NORTHWOLD ROAD - LONDON, N.16 
STAmford Hill 3513 
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DEMOOULATOR 


AC AMPLIFIER 















The KENT transistorized 
thermistor potentiometer 
(A) is equivalent to a 
servo-driven mechanical- 
slidewire assembly 





Type 1 Quadrature Suppressor 


Type 3 Reference Unit 


2 major 
electronic 






(Below) Mark 3 electronic 


KE 
recorder (control optional) 


(Below) Commander 
recorder-controller 










advances 


we tC 
Cole eee 
[Eee ee Pee 2) bd) ey 


These important new units are designed to improve further the performance 
of the KENT range of electronic self-balancing potentiometric instruments. 


TYPE 3 REFERENCE UNIT is an extremely accurate constant- TYPE 1 QUADRATURE SUPPRESSOR, for use with a.c. 


voltage source providing the necessary highly stable d.c. supply for 
the slidewire of the instrument measuring circuit. This compact 
plug-in assembly completely dispenses with conventional stan- 
dardizing mechanism—no batteries, no standard cell, etc. The 
simple yet advanced design employs two temperature-compensated 
Zener diode stages in cascade, and further enhances the reliability 
of KENT electronic instruments. 


Accuracy : +0-05% at 40°C, nominal supply. 
Output variation : +0-05% for + 30°C or + 10% of nominal supply. 


(aaa 


Masters of instrumentation 


GEORGE KENT LIMITED ‘ LUTON 


measuring instruments, automatically eliminates any quadrature 
component present at the amplifier input, so preventing saturation 
effects and improving accuracy of measurement. Based on the 
KENT-patented thermistor potentiometer, the unit is fully tran- 
sistorized and, like the Reference Unit, has no moving parts and 
incorporates only solid-state components. 


See these and other KENT products on 


Stand D 159 


at the International Instruments, Electronics and 
Automation Exhibition (Olympia) May 23rd-28th 


. BEDFORDSHIRE ENGLAND 


Factories, Subsidiary Companies, and Branch Offices in London * Toronto * Montreal * Vancouver * Melbourne * Sydney * Johannesburg 
Salisbury * Penang * Bangkok * Brussels * Krefeld * Vienna 
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REMOTE VALVE 





CONTROL 


ADVANTAGES. 


Simplicity and Economy. 
Minimum of Piping. 


No Performance deterioration 
through dirty fluid. 


eet ne 


Suitable for high or low temperature. 





~~ Pd 
een NoTe | —————— STEERING GEAR 
35° WORM SHAFT OR CHAIN DRIVE TO STEERING C—I— 
5 “DRIVE ™% WHEEL AS PREFERRED BY SHIPYAR 
RUDDER ., ee =" CLUTCH CONTROL 


) PA) ACTUATOR THROTTLE CONTROL 





\ u — FIXED PIVOT 
| | BULKHEAD DOORS 
\ 35° PRESSURE LINE 
i, — cad dd GB avo. VARIABLE PITCH PROPELLORS 
RETURN TO TANK PUMP TANK 













UNIT 


MARINE STEERING GEAR aiid daaaieaes VALVE CONTROLS 


POWER STEERING 
DEPTH CONTROLS 
LEVEL CONTROL 

TILT CONTROL 
LIFT CONTROL 


MOBILE 
MACHINERY 


H.P. Actuators have been successfully applied to the following industries: | Our Specialist Team of “Control 
Atomic Submarines, Power Stations,. Control of Water Turbines, Engineers’’ will be pleased to 

Centrol in Steel Works, Control of Packaging, Woodworking and advise on all applications. 

Textile Machinery, etc. 


HYDRAULICS & PNUEMATICS LIMITED. 


VAL IE AS me GS fs eee WOLVERHAMPTON - TELEPHONE 24456 
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Electronic 
Sub-Assemblies 





These sub-assemblies provide the shortest route from 
block diagram through breadboard models and proto- 
types to complete equipment. 


the shortest route 
from block diagram 
to complete equipment 


Each sub-assembly is a complete circuit of proven 
reliability, thus releasing the designer from detailed 
| circuitry, life-testing and proving problems. 
In addition to supplying standard units, Mullard 
Equipment Limited will also design and build sub- 
assemblies to meet individual specifications. 


the first four types available from Mullard Equipment Limited 


ure. 





“ Combi-Element” Building 
Bricks for Electronic 
Equipment B1 649 


This range of compact complete 
transistorised circuits, includes 
flip-flops, emitter followers, 
gate circuits, multivibrators, 
inverter amplifiers, etc. 





Pre-set Counters for 
Industrial Control 88930 





“Norbit” Building Bricks for 


Industrial Control Systems E1T Counter Modules for 


Up to 10 different switches can 


be fitted to each of these plug- 
in units, designed for multiple 
programmes in industrial con- 
trol. Counting speeds up to 
2,000 per second. 


YL6000 


These units incorporate static 
switching using transistors as 
the basic switching element for 
logic design for application in 
industrial control systems. 


Instrumentation 88929 
Plug-in Decade Counting Units 
designed for high speed count- 
ing, capable of speeds up to 
100,000 per second. 





MULLARD EQUIPMENT LIMITED 
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See Mullard Electronic Equipment 


on Stand C102 at the INSTRUMENTS, 
ELECTRONICS & AUTOMATION EXHIBITION. 





Mullard House, Torrington Place, London, W.C.1 
Telephone : LANgham 6633 


®) ME 656 
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Automatic Control 













A section of the remote control, push-button 
unit, showing some of the timers, relays and 
contactors. 


ze 


A John Thompson Flame 
Failure unit fitted to the 
burner. 


JOHN THOMPSON INSTRUMENT CO LTD 


for Water Tube boilers 
Shell boilers Marine boilers 
Industrial Processes 


Heat exchangers, thermal and nuclear 


The John Thompson La Mont auxiliary boilers as supplied to the 
Alfred Holt shipping line are fitted with automatic controls by 
John Thompson Instrument Co. Pressure controls, high pressure 
cut-outs, flame failure and air flow controls are linked with 


multiple safety features to give a compact reliable system. 





The control panel housing the pressure 
controls manuallautomatic switch lever, 
pressure, temperature and draught gauges. 


WOLVERHAMPTON 





WOW THERE ARE EIGHT 








Onms 


BERCO 


| Pix 
TOROIDAL RHEOSTATS _ ; 
So popular has the original range of five | FE 


Berco rheostats become that three new 
models have been introduced. Like all 
Bercostats they have five important 


25 
50 
75 
100 
iso 
200 
features :— 350 
1,000 
# VITREOUS ENAMEL BONDED 2300 
5, 
*# HIGHEST MECHANICAL STRENGTH Rl 
* MAXIMUM ELECTRICAL 15,000 
PERFORMANCE 
* MINIMUM SIZE IN RELATION TO 
POWER DISSIPATION 
*# CAN BE USED IN TROPICAL 


SITUATIONS WITHOUT 
MODIFICATION 


BR 1331-BXH 


Tick No 16 on 


reply card for further details 


CURRENT RATINGS 

























L.50 L.75 L.100 L.150 L.225 L.300 L.500 
_ 7.07 8.66 10.00 12.50 15.0 17.3 22.3 
3.54 5.00 6.12 7.07 8.66 10.6 12.2 15.8 
2.89 4.08 5.00 5.75 7.07 8.66 | 10.0 12.9 
2.24 3.16 3.88 4.77 5.48 6.71 775 | 100 
1.82 2.56 3.16 3.65 4.47 5.48 6.32 817 
1.58 2.24 2.74 3.16 3.88 4.74 5.48 7.07 
1.29 1.83 2.24 2.58 3.16 3.87 447 5.78 
1.00 1.41 1.73 2.00 2.45 3.00 3.46 447 
707 1.00 1.23 1.4t 1.73 2.12 2.45 3.16 
578 Bi8 1.00 115 LAl 1.73 | 200 2.58 
-500 707 B66 1.00 1.23 150 | 1.73 2.23 
.408 575 .707 818 1.00 1.22 1.41 1.82 
354 | .500 612 707 | .866 1.06 4.22 158 
268 | .378 463 535 | .655 .803 9% 1g 
224 316 -388 447 | «548 | (671 | 77S 1.00 
.158 .224 274 316 | 388 474 | 548 0.708 
.129 .183 .224 258 | 1316 .387 A447 | «578 
100 | .141 173 200 | .245 .300 346 | 448 
— | .#00 .123 141 .173 213 .245 315 
— | .0BI 100 1S 141 .173 .200 .258 
- — _ 10 | = 025 — | .t73 | 324 





Ask for list 613A, which gives 
full technical details and prices 


from :— 
THE 
BRITISH ELECTRIC 
RESISTANCE CO. LTD. 


Queensway, Ponders End, 
Middlesex. 


‘Phone : Howard 2411 
*Grams : Vitrohm Enfield 


Pioneers of the toriodally wound 
rheostats in England. 
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s Accuracy 0°5% of full range output 


TYPE BP3 
ACTUAL SIZE 





Incorporating the benefits of years of experience, this transducer will accurately 
measure both steady and fluctuating pressures. Its high frequency response 
enables transients in pneumatic and hydraulic systems to be studied. 





@ Pressure Range 0-2000 to 0-20,000 p.s.i.@ Full Range Output 1.5mV/V applied 
: @ Bridge Resistance 1,000 ohm @ Temperature Range —40°C to +100°C 


A stainless steel model (Type BP6) is available 
VISIT US ON STAND H365 AT THE I.E.A 


Write for full details to: 


J. LANGHAM THOMPSON LTD 


BUSHEY HEATH - HERTFORDSHIRE 
Telephone: Bushey Heath 2411 (6 lines) Grams & Cables: ‘Tommy Watford’ C.23 
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To meet the demand for a small, 
powerful and compact air cylinder Schrader’s 
have added to their already representative 
range a new midget type. This is a double-acting 
cylinder of 1” bore, with a neck mounting 
thread for easy assembly in any position. 

The cylinder and piston are of non-corrodible 
brass and the general construction is designed to 
give long trouble-free service under fast, 
arduous conditions. It is ideally suited for 
operating jigs and fixtures, transfer and special 
purpose machines. This cylinder can 

be supplied from stock with the following 
piston strokes, 1”, 2”, 3”, 6", 9” and 12”. 







Please send details of Schrader Midget Air Cylinders 
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Compact overall size 
permits mounting in the 
minimum space. 


Popular 1” dia. neck mount- 
ing thread complete with 
lock nut. Fits standard 1" 
dia. bored holes. 

* 
Cartridge type bronze 
bearing and piston rod 
seal, replaceable without 

dismounting cylinder. 

w 
Synthetic rubber *“*U” cup 
piston seals—self adjusting. 


Compressed Air and Hydraulics Exhibition 
Stand 116 


AIR CYLINDERS 


To: A. SCHRADER’S SON, Air Control Products Dept. C, 829 TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24 
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Now=control at lower cost 


fluid, powder and granular 
material level 


These simple rugged units— 
operated by the controlled 
material causing electrical 



















capacitance change between 
the probe inserted through the 
wall of the container-—are fully 
transistorised. Advanced de- 
sign and production techniques 
make possibie high pertorm- 
ance and reliability at a lower 
price than ever before. 





» Universal mounting 
brackets 
Heavy duty relay of 
proved reliability 
3. Covers seaied 
against dirt ingress . Calibrated preset 
4. Substantial : adjustment for ease 
die cast light alloy of setting up 
construction 11. Fittings arranged to 


5. Provision tor foot suit all types of probe 
mounting 


















probe. 


12. Substantial die cast 
6. Conduit entries for housing 
incoming cables 13. Conduit entry for 
7. Simple circuit incoming cables 


8. Stainiess steel 14. Simple tully 
fittings transistorised circuit 
9. Withdrawablie printed 15. Sealed against ingress 





circuit card of dirt 


Heavy duty probe for coal, stone and similar 
materials. 


Units are being used to indicate and control the level of, 
beer, bicarbonate of soda, brine, bonemeal, cashews, 
carbide, cement, cereals, chalk, chemicals, chocolate, clay, 
coal, coke, fertilizer, flour, flue-dust, fruit juices, glass 
marbles, glucose, gravel, hydrochloric acid, lime, malt, milk, %*®¢ versions for vehicle use—flush and 
oils, oily water, peas, peat, petrol, plaster, plastic granules, *%¥sPension probes—intrinsically safe and 
plastic powder, rubber, sand, salt, sawdust, seeds, sugar, other units for all forms of specialised 
water, wood chips, wood pulp. application. 


A comprehensive range of accessories 
and variations is available— battery oper- 


LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LIMITED 





SP.5 RUGELEY - STAFFORDSHIRE - ENGLAND 
Manufacturers of the world's widest range of industrial electronic control equipment 
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IT’S NEW IT’S 


Advance enter the electronic counter market with an instrument 
excelling in range and performance. Occupying considerably less 

than half a cubic foot and weighing only 12 Ib., this 
remarkable counter has the versatility previously found only in equipment 


several times its size and price. 


Over 145 transistors and 21 printed circuit boards are used to achieve 
an exceptionally sound and compact design, capable of performing efficiently under 
rigorous conditions. Self-checking facilities are incorporated, and the 
easy-to-read decade-meter display provides an instant six-figure indication with 


manual or automatic repetition and an accuracy of + 1 count. 


TCl. TIME AND FREQUENCY MEASURING COUNTER 


FREQUENCY MEASUREMENT from 10 to 1,000,000 c/s 
TIME MEASUREMENT from | , sec. to 2777 hours 


* PERIOD MEASUREMENT | or 10 periods of input waveform down 
to 10 c/s 


RANDOM COUNTING (otalling over any period 


OUTPUT TIMING PULSES from 10" to 10° p.p.s. 


S @ INTERNAL STANDARD oven controlled 1 Mc/s crystal 
OSS — 
KS STABILITY + 1 part in 10® at 25°C 
sratatiies FREQUENCY MEASURING PERIOD ()./, 1.0 or 10.0 seconds 
STAND No. C107 DISPLAY TIME | to 5 seconds or ‘hold’ 


POWER CONSUMPTION 3W (battery), 14VA (mains) 


DIMENSIONS length 12”, height 9”, depth 6’, weight 12 Ib. 


* AND NOW —virtually to d.c. with C.A.1 attachment. 
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1 Mc/s TRANSISTORISED COUNTER 





- under 





‘ith 


TER | 





with full laboratory facilities nett price in U.K. £335 


Leaflet Y.101 will be forwarded on request 


ADVANCE COMPONENTS LIMITED 





INSTRUMENT DIVISION 
ROEBUCK ROAD * HAINAULT * ILFORD * ESSEX * TELEPHONE HAINAULT 4444 


IT/Aa 
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CONTROL VALVES 
AND ASSOCIATED EQUIPMENT 













The Cockburns B.S.B. Super 70 series offers a new 
standard in precise control and regulation, with 

pneumatic or hydraulic operation. Flow coefficients 

have been thoroughly laboratory tested for the 

complete range of valves. Super 70 valves have 

demonstrated their superior performance characteristics 

in oil refineries, chemical plants and power stations 

all over the world. 


Cockburns Ltd., and their Associated Companies 

in the United Kingdom, Holland and France 

are now manufacturing Super 70 series Control Valves, 
Regulators, Liquid Level Controllers, Safety Head 
Flanges, under licence from Black, Sivalls, & Bryson, 
Kansas City, U.S.A. 








NOW : 
a= a 8 
being CCU hake | oeta NET & BB -yson, inc. 


ea ~ COCKBURNS LTD 


COCKBURNS LTD. COCKBURNS (NEDERLAND) N.V. 
Cardonald, Glasgow, S.W.2. Kethel, Schiedam. 
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for high quality inductors 
GECALLOY CORED INDUCTORS HAVE THE OUTSTANDING QUALITIES OF 


I. High stability of inductance with time. 5. Low temperature coefficient of about 120 parts/ 
10®/°C, 
2. Magnetic stability i.e. Small change of inductance 
after subjection to saturation flux density. 6. Almost zero temperature coefficient of frequency 
i when used in a tuned mesh with a polystyrene cap- 
3. Low loss — high Q. acitor. 
4. Low harmonic distortion. 7. Negligible external field. 


DIMENSIONAL DATA 


CODE rar DIA. won? DIA. —— CODE |OUTSIDE DIA.| INSIDE DIA.| THICKNESS 
MM MM MM 


[ex [2045 | 270 | 6 95] [GiB | so-so | 30-00 | 10-00 | 
|G2_ | 5800 | 35:00 | 17-50 | 



















NOM. 







roar | 2540 | 1270 | 12-70 12,28 

‘esa | 3100| 1s90| 9-52]| [66 | 10-00 | 46-00 | 20-00 _|{50.90 

[ess | 3800 [2220 | 1000 _||NM* [Go| 80.00 48-00 | 29-00 |) 40 

| 63} 36.10 | 2600 2 [ool 12-70 | 76a [475 
es [40-00 | 2600 | [20-32 [197 . 
63a | [1200 |} 25 [eso] 7 

pes | eso eee eee | 5S Leet eee eee aed 
[2800 [14-5039 [687 | 26-02 | 14-73 | 11-18 |p 26 

ree | —ar-00 | 300] 1580 — Pesea| 33°02 | 19:94 | 10°67 || 125 

: | Gs6 | 33:02 | 19:94 | 1-18 || 140 


FULL DETAILS OF RANGE AVAILABLE ON REQUEST 


GECALLOY CORES ARE IDEAL FOR :— 


FILTER APPLICATIONS + AUDIO FREQUENCY TUNED CIRCUITS - CHOKE COILS 
TRANSISTOR INVERTOR TRANSFORMERS - INTERFERENCE SUPPRESSORS 
STABILISING CHOKES FOR FLUORESCENT LAMPS USED AT AUDIO FREQUENCIES 
INDUCTOR DESIGN AND WINDING SERVICE AVAILABLE IF REQUIRED 


Polystyrene capacitors are available for use with the toroidal cores 


SALFORD ELECTRICAL INSTRUMENTS LIMITED 





NAV. TIMES MILL HEYWOOD LANCASHIRE Tel: Heywood 6868 
London Sales Office: MAGNET HOUSE KINGSWAY W.C.2 Telephon Temple Bar 4668 
ae A Subsidiary of THE GENERAL ELECTRIC CO Pid it Dee oP yee ee 


1960 CONTROL April 1960 Tick No 23 on reply card for further details 23 





HIGH TEMPERATURE 
synchros 


At 125°C The Ketay K 13 Series of size 11 synchros maintains Grade I accuracy 
in ambient temperatures up to 125°C. In so doing, Ketay provide the most highly 
developed contemporary components for servo application currently available 
to engineers and designers. At 150°C Built generally to MOA and Bu-Ord 
Mil specifications, the synchros in the K13 Series are capable of intermittent 
operation at 150°C with only a slight loss in accuracy. Each one is a precision 
unit employing the very latest high temperature materials and techniques. 
At 200°C Ketay synchros and servo motors for operation at 200°C are also 
well advanced in the development stage and will be in production shortly. 
There’s no limit To Engineers and Designers there is no limit to the 
assistance which is most readily obtainable from the Ketay Technical and 
Development Services. 


Ketay express their leadership in superior Synchros, Resolvers, Tachometer 
Generators, instrumentation and Servo Control Systems for Aircraft, Military 
and Industrial applications. 


Ketay Limited 


EDDES HOUSE - EASTERN AVENUE WEST - ROMFORD - ESSEX - Seven Kings 6050 
Overseas Sales Organisation; Plessey International Limited - Ilford - Essex - Tel: Ilford 3040 
Overseas Telegrams: PLESSINTER TELEX ILFORD «+ Telex: 23166 
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The relentless refinement of equipment... 
—makes spectacular advances possible 


(a research and experiment has electrical industries throughout the world. 
established the name of Foster Transformers The range of Foster equipment, the widest and 
Ltd. as the leading supplier of transformers, most varied available, is obtainable through 
test gear and voltage regulating equipment to Branches and agents in 36 countries. 


A member of the Metal Industries Group of Companies 


FOSTER TRANSFORMERS LIMITED 


SOUTH WIMBLEDON, LONDON, 8.W.19. TELEPHONE: LIBERTY 2211 TELEGRAMS AND CABLES: FOSTRANS, LONDON, TELEX 
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USE SYNTHESISERS 





A new concept in signal generators 
THEY MAKE OTHER SIGNAL GENERATORS OBSOLETE 


XUA 10 c/s to 30 mc/s in I-cycle increments 
XUB zero to 10 kc/s in 50-millicycle increments 











The types XUA and XUB Frequency Synthesisers are crystal controlled 
precision signal generators which together will produce a precise 
frequency anywhere between the limits of 1 millicycle and 1 kilomegacycle. 

a 3& They simplify and enable quick solutions to be obtained to the most 
difficult problems met with in the development of oscillators, filters and 
resonant circuits, including the VLF and servo fields. Can be used inde- 
pendently or in cascade. Stability and discrimination is 100 to 1,000 times 

better than with conventional generators. 

Versatility is considerably increased by adding Accessory Units— 


Enograph Recorder—Selective Amplifier ASV—Ten-times Frequency 
[ p U e n C Multiplier XVD—Phasemeter PZN. With these, automatic recording of 
A drift, bandwidth, amplitude and phase versus frequency response can 


be made, quickly, in the range zero to 300 mc/s. Other units are 
available to extend measurements beyond 3,000 mc/s. 


















Write or *phone for complete 
details of this most modern 
method of quick, precise 
measurement —just one 
example of the superb equip- 
ment we have available. 








AVEL-INFORMATION brings you current informa- 


tion on the latest in measuring techniques, equipment 
and components—please write for copy. 







AVELEY ELECTRIC LIMITED 


WELEY FSS SOUTH OCKENDON ESSEX TELEPHONE: SOUTH OCKENDON 3444 TELEX 24120 AVELOCKENDON 


P. 
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Remote Control Components 


IRON CLAD PUSH 
gu BUTTON SWITCHES 
map Strongly built units 
with one, two or three 
buttons. Suitable for in- 

corporation in various types of 

industrial machinery. Reliable and adaptable and 
giving a long trouble-free service life. Mushroom 
head can bereplaced by flat type buttonif required. 






MUSHROOM HEAD 
PUSH MOVEMENT 


A simple robust 
movement manufactured 
from high grade materials. 
Can be incorporated in 
most types of control circuitry. 





PILOT SWITCH 
JOYSTICK PATTERN 


Two-way and four-way 
Joystick Pattern Switches 
give positive finger tip 
control of pilot circuits 
on cranes, hoists and similar 
installations. 


LIGHTWEIGHT 
PENDANT CONTROL 


Suitable for many applications 
where a suspended control 
unit is required, this sturdy 
unit incorporates double 
break movements. 





EMERGENCY PUSH 
BUTTON SWITCHES 


Designed for long 

life and reliable duty in 
emergency. Two types 
nu available—SDS672 effective 
immediately glass is broken, SDS672D 
is effective when glass is broken and push 
button depressed. 








Ask for illustrated literature. 


DEWHURST 


PARTNER LIMITED 


Field Offices at :— 


BIRMINGHAM - GLASGOW - GLOUCESTER - 


INVERNESS WORKS 


LEEDS 


HOUNSLOW 
Tel: HOUnslow 0083 (12 lines) Grams: DEWHURST, HOUNSLOW 


MIDDX 


- MANCHESTER - NEWCASTLE - NOTTINGHAM 
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With the growing use of automation 
in industry more and more specialised 
servo mechanisms are needed. Fairey 
have more experience in the develop- 
ment and employment of servo units 
than any other manufacturer: most of 
Britain’s front line aircraft use Fairey 
Power Controls—the most exacting appli- 
cation of hydraulic servo actuation. 

The special knowledge and techniques 
evolved by Fairey are now at the service 
of every industry with a servo problem. 


(A subcidia-y of The Fairey Co~> ny Limited) 
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hydraulics 


FAIREY ENGINEERING LTD (HYDRAULICS DIVISION) : HAVES : MIDDLESEX 





¢ 













MA TRANSISTOR Converters and Inverters 


for fluorescent lighting and general applications. 
The range of operating voltages, powers and frequencies 


is under steady development. 





MA TRANSISTOR Controller 


Magnetic amplifier intermediate stage, saturable reactor 


power stage. A temperature controller for use with a platinum 
resistance thermometer to provide power control 
up to 60 KW 3-phase. No mechanical switches. 


Constant current characteristic for platinum furnaces. 


evening can be arranged in Kensington for engineers who 


During the period of the IEA Exhibition informal interviews in the 
are interested in appointments in this and allied fields. 


THE PHOENIX TELEPHONE AND ELECTRIC WORKS LIMITED, 


ExHIBITION 


on THE HYDE, LONDON, N.W.9. Telephone COLINDALE 7243 STAND No.RI87 
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The new miniature Reflex Scanner SC3 


(ELCONTROL.. 


Mark 


CROSS-CUT 
REGISTRATION GONTROLLER 


ELCONTROL LTD - HITCHIN - HERTS _ Telephone: Hitchin 2411 


Appointed Agents Telephone 
Midlands A.M. LOCK & Co. Ltd., Newborough Rd., Solihull Shirley 5703 
N. West A.M. LOCK & Co. Ltd., Union St., Oldham 

Scotland A.R. BOLTON & Co. 3a St. Vincent St., Edinburgh 3 Caledonian 2065 


PRCI 
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F for label cutting, wrapping 
and folding machines 


This new ELCONTROL Photoekectric 
Registration Controller embodies two big 
improvements: 
a The new reflex Scanner SC3 using a minia- 
ture photo cell is only 44” x 2?” x 1” and 
produces a very small high intensity light 
spot. 
b The new one-way control unit (PRC6) and 
the two-way unit (PRC7) embody a 
photoelectric gating circuit, thus doing 
away with an external cam switch. 
This automatic correction system is therefore very 
suitable for use with modern packing and wrapping 
machines where speed, high accuracy and small size are 
so important. 
We are always glad to co-operate with makers and 
users of high speed automatic plant to provide better 
performance. 


Control unit in steel case 
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LOOKING FOR FLUIDS—with exceptional thermal stability—fluids that are water-repellent 
and retain good dielectric characteristics over a wide range of temperatures — that 
resist oxidation—have low volatility and show little change in viscosity with temperature 
—are ideally suitable for use in damping mechanisms—as heat transfer media—and for use 
in hydraulic, springing and coupling devices—GET THEM FROM MIDLAND SILICONES. 


Remember—Midiand Silicones Ltd have consistently set the pace for British progress 
in this fast developing field. Remember, too, that-— while silicones cost more initially—this 
extra outlay is more than offset in terms of greater efficiency and long term economy. 


@S) MIDLAND SILICONES LTD 


( Associated with Albright & Wilson Ltd and Dow Corning Corporation) 


first in British Silicones 


68 KNIGHTSBRIDGE - LONDON - SW1 - TEL: KNIGHTSBRIDGE 7801 
Area Sales Offices: Birmingham Glasgow - Leeds: London ~ Manchester - Agents in many countries 


@eeeeveeveeeeeeeeeeeeee ee ee 
NAME 
COMPANY 


ADDRESS 





@eeeeeeoevee ee eee eeeeeeeeeee8? 
@® MSF I 
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The new Versa-Tran liquid level 
controller can be connected with 
probes and a ground (as shown) 

where an adjustable differential 

is required, or ‘vith one probe 

and ground if no differential is needed. 


New low cost, high precision VERSA-TRAN 


simplifies liquid level control 


Here’s a simple, easily installed electronic controller 
that accurately controls the level of any 

electrically conductive liquid with a measured impedance 
not exceeding 25,000 ohms, measured at the probe-type 
sensing element. Its features include: 


Write for details or send the coupon 


unique, fully transistorised design which eliminates 
TODAY 


the need for field adjustment and calibration. 


Honeywell Controls Limited 
Ruislip Road East Greenford Middlesex 
WAXlow 2333 


I am interested in the 
VERSA-TRAN controller 


Please send me: 
Specification Sheet No. $1017-1 


NAME 
POSITION 


ADDRESS 


choice of fixed or adjustable differential 

by use of either one or two probes. 

wiring between relay and probes can he 
ordinary 18 gauge, 2-conductor cable. 

no floats or standpipes necessary. 

relay can be flush mounted, surface mounted 
or mounted in most electrical enclosures. 
all components are zinc-chromate treated 
for corrosion resistance. 


Honeywell 
— 


Tick No 32 on reply card for further details 


Branch Offices in the principal towns and cities of 
the United Kingdom and throughout the world. 
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Potentiometric recorders for research and industry 


These high-speed Potentiometric Recorders 
are continuously self-balancing, use electronic 
power amplification and motor drive. 

The chart, which is 10” wide, can be traversed 
in 2 seconds (1 sec. to order). Single or 
multitrace (2, 4, 8, 16) models are available, 
the latter with 5 or 15 seconds printing 
interval. High sensitivity: instrument 

responds to signals of less than 1 microvolt. 
Ranges: from 500 microvolts for single-point, 
1 millivolt for multi-point models. But much 
more can be learned from Technical Publication 
2042 from Instrumentation Division, Associated 
Electrical Industries Limited. 


instrumentation Division 
P.O. Box 1 Harlow Essex Harlow 25271 
Associated Electrical Industries Limited 
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or a machine part going back and forth or round and round— whatever 


7am @ Ifitis, for example, a rocket going up, 
abort an aircraft flying, a vehicle going along, 
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An | l-speed multi-channel recorder 


its speed, rate of acceleration, direction —Epsylon recorders offer you 
the most advanced recording facilities: up to 16 channels per inch; 
frequency DC to 200 ke/s; capacity 5,000 ft.; a range of tape speeds up 
to 150 ins./sec.; endless loop; remote control; recording and replaying 
at different speeds; fixed and mobile models. Epsylon instruments 
record physical conditions, digits and sound, and can play a key part in 
a variety of applications, ranging from research to prospecting; from 
electronic computors to music in aircraft. May we send you full details? 
EPSYLON INDUSTRIES LTD Faggs Road, Feltham, Middlesex, England. Telephone: Feltham 509! 


A member of the Stone-Plott Group 
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ADVERTISER’S ANNOUNCEMENT 


Electrical Aids in Industry 


MEST ah eM HIS 


What are light-sensitive cells? They are devices 
which can sense and measure changes in the level 
of light or, in some cases, respond to the quality of 
light falling on them. There are various types of 
cell and each has its particular field of use. One of 
the best known is the photo-electric cell. 


What can light-sensitive cells do? A change in the 
amount of light falling on the cell can cause a 
switch, relay or counter to operate. Alternatively, 
the direct indication of the light intensity can often 
allow some other factor to be determined and, if 
required, controlled. They are reliable and require 
little maintenance. Careful installation, as with all 
types of equipment, gives a good reward. 


How can they be used? These cells have many 
applications in industry, for controlling processes, 
for inspection and measurement, for sorting 
material and for safety purposes: 


Counting 


Where objects on a conveyor belt are too soft or 
light to operate a direct mechanical counting device, 
where they are too delicate or freshly painted to 


sustain physical contact or 
i where the articles vary in 
—_—+--—~—-—-- __ size, a light-sensitive cell 


B 3 @ can be used. This counts 
& O O Vo the objects by interrup- 


oO tion of an appropriately 
sited beam of light. 


Hopper or Tank Level Control 


Many forms of feed can be accurately controlled by 
light cells. One important one is for controlling the 
input to a hopper of fluid 
solids such as sand or peas. 
Here, two horizontal light 
beams are required: the 
upper, when interrupted, 
indicates that the hopper 
is full and stops the supply; : 
the lower, when it ceases to be interrupted, indicates 
that the hopper is nearly empty and restarts the flow. 





Package Content 


The level of powder in packages can be checked with 
light cells. The cell is so positioned that when the 





powder is up to the required level, the light reflected 
from the surface of the powder is picked up by the 
cell and causes the carton to be accepted. If not, it is 
rejected. 


Data Sheet NO. 8 


Colour Sorting 

The quality of many articles can be gauged by their 
oO colour—seeds and nut kernels, for 
G instance. The objects are fed into 


a tube by means of a vibrator pan 
and fall into the beams of three 


Me O 


7 equally spaced light cells which 
‘ O scan them from all sides. If the 
1° object is acceptable it falls into a 
. Ne chute carrying it to one conveyor; 


© S, if its colour is bad it is deflected 
© ee as a reject. 


Guillotine Guard 


Light cells for guarding a a 

guillotine or power press 

should be used only as a sup- a 

plement to a mechanical guard a2~. 
0 


or where the latter is imprac- 

ticable. The interruption of a ——~ 
curtain of light by a hand stops 
the machine instantaneously. 

Press Feeding 

Where the rate of feed of strip metal must be suited 
to a varying speed of accept- 

ance by a press, a loop of the 
strip is allowed to sag between 
the feed and the press. When 
the loop reaches a predeter- 
mined depth a light beam is 


interrupted and the slack is B-- 
taken up. 





Processing Objects on the Move 


Many articles are processed while on a conveyor 
line. For instance, where articles are to be sprayed 
while on the conveyor, the 


paint saved by stopping —|——= a 
the gun between articles WS </{| 

will make the device a 
worthwhile. The same 'S 


principle applies in a “ 


bakery to the spraying of 
baking tins with fat. 


Automatic Door Opening and Closing 


Doors can be caused to open or close by the inter- 
ruption of a beam of light. This has its uses in such 
cases as control of doors on a heating oven or for the 
passage of vehicles in a factory. This 
0] l is effected by a light beam on the 
i z side from which the approach is 
So .<’ made (in many cases, both). When 
‘, the approach beam is interrupted it 
~ opens the door which closes «gain 

Cj (| after a given time interval. 


For further information, get in touch with 
your Electricity Board or write direct to the | 
Electrical Development Association. | 
An excellent series of reference books are | 

available (8/6 or 9/- post free) on electricity 
and productivity — “Higher Productivity” is | 
an example. E.D.A. also have available on free | 
loan a series of films on the industrial uses of | 
electricity. Ask for a catalogue. | 
! 
2] 


Issued by the Electrical Development Association 
2 Savoy Hill, London, W.C.2 


5856 


wae 
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Take any three people 


CONTROL April 1960 


The normal price of Control is 3/6d a month— 
not much, on the face of it, to pay for regular authoritative 
information covering so many fields. 

But experience has shown us that there are many people— 
students, young engineers and technologists, people with 
heavy educational commitments and so on, who find the 
price a strain. 

It is for this reason that we have instituted our group sub- 
scription plan. If three people in a company or college— 
or anywhere else for that matter—will contract together to 
buy three copies (one each) of every month’s issue for a 
year, we reduce the annual subscription to 28/- each—a 
fraction over 2/- a copy. 

Frankly this concession brings its economic problems, but 
rather than see anyone who could make good use of a 
personal copy of Control go without, it is one we 


willingly extend. 


A pre-paid subscription card 1s provided facing page 98. 
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TIC yf 
VICE 


RAPID OPERATION 

HIGH GRIPPING POWER 
NO OPERATOR FATIGUE 
ROBUST CONSTRUCTION 


Sisun "ae of | Maximum | Minimum Power Lengt 
Opening Opening | Movement Oven 
g 4” 
te 
Ho 1 So 


A time and labour saver for 
gripping workpieces at pre- 


determined pressure. 4 Z 4 foHucKs 


. Ae Zz yl es y or Nee Yours 


PRATT & CO. LIMITED ; HALIFAX . ENGLAND 


Tick No 38 on reply card for further details CONTROL April 1960 





ONTROL 


Torovolts are the new toroidally wound 
continuously variable auto-transformers. 
Electrical and mechanical improvements 
have been incorporated to give greater 
safety and reliability. Legible dials 
ensure maximum convenience in use. 


A range of A.C. Mains Voltage Stabilisers 

which incorporate electronic detector systems 

of new design. They are robust, reliable and 

very compact. 

The unit shown has a rating of 2.5 KVA, will handle input variations 
from 200-250 Volts whilst maintaining a pre-set controlled voltage 
between 220-240 Volts to an accuracy of + 0.5%, 

This particular Stabiliser is suitable for bench, floor or wall mounting 
and is fitted into a steel case attractively finished in hammered 
aluminium. Dimensions are : Height 15”, Width 10”, Depth 74”. 


Expamet-Cressall resistors, rheostats and heaters form the most 
comprehensive range available from a single source. Units to 
control loads from 4 watts to over 20,000 Kilowatts are already in 
use all over the world. To widen still further the enormous 

field of applications of Expamet-Cressall products, two new designs 


have been introduced and are briefly described here. Further 


details and technical advice from our engineers is freely available. 


EXPAMET —CRESSALL 


The Electrical Division of 
€ Bh \ cs essall The Expanded Metal Company Ltd. 


LAND 
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London Office: Burwood House, Caxton Street, London, S.W.1. Telephone: ABBey 7766 

Works: Stranton Works, West Hartlepool. Tel: Hartlepools 5531 

The Cressall Manufacturing Company Ltd., Eclipse Works, Tower Street, Birmingham 19 
Tel: Aston Cross 2666 
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The man who goes round in circles 


The man who goes straight there 















‘If we could only find someone 





who would make us the control 


gear or even design it for us, 





it would save us a lot of time, 
a lot of problems and a 
lot of money. 
Now who could 
do that 


I wonder.’ 


We design and manufacture small to medium-sized control panels and ° ° 
cubicles; accepting the difficult, complex or one-off job as well as quantity 
production. By thus concentrating our effort we have learnt to make this 
type of control supremely well. ELECTRICAL 
We started with control panels for lighthouse generating plant (we make EQUIPMENT 
both the plant and the lighthouses) and this set us a standard of reliabilty P 
Ss cee Custom-built by 
which has been carried over into our other work. Hence Austinlite is the 
last word wherever absolute continuity of supply is a prime essential. STONE-CHANCE LTD 
; . (makers of Sumo Pumps and 

We make, for instance, large numbers of control cubicles for telephone Grane Chas Leiieiae 
repeater stations, TV land-line repeater stations, TV and radio trans- 

: : 2 ; CRAWLEY, SUSSEX, ENGLAND 
mitters. Control gear of various kinds for the services, for government cantik tithads 


departments in many countries, and of course for industry at large. 28 St. James’s Square, S.W.1 
Telephone: TRAfalgar 1954 
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GWB control panels 
for special purposes 





G.W.B. design and supply centralised control panels 
for many industrial applications. Available in a variety 


Special purpose panel supplied 
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of forms, these panels conform to the most stringent 
specifications. Contactors, relays and isolators con- 
trolling individual machines are contained within 
separate compartments, and all maintenance and re- 
placement of contactors and ancillaries may be carried 
out from the front. G.W.B. engineers are available for 
the solution of circuit problems and any special opera- 
tional requirements. 


CONTROL GEAR DIVISION - P.O. BOX 4 - DIBDALE WORKS - DUDLEY - WORCS 


FURNACES LIMITED 


for the control of a 


VITREOUS 
ENAMELLING PLANT 


All contactors are made to the 
famous G.W.B. standards. Among 
the many refinements making them 
pre-eminent in their field are:— 


@ Sintered Tungsten-Silver con- 
tacts for LONG LIFE 


@ Open type construction for 
EASY MAINTENANCE 


@ Special coil design giving LOW 
CURRENT ABSORPTION 


G.W.B. Low Tension control gear 
10- 1,400 amps. A.C. & D.C. 





Associated with Gibbons Bros. Ltd. and Wild-Bar field Electric Furnaces Ltd. 
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ETHER XACTROL 


Potentiometer Recording Gontrollers, SERIES 20( 


TYPE 2000 with on/off control 


TYPE 2001 with Anticipatory control 
(1% band width) 


PHENOLIC 
MOULDED DOOR 


CONTROL 
POINTER 


PEN-CARRIAGE 


yo ae MAINS SUPPLY 
COMPLETE UNIT 5 ie a SWITCH 


MOUNTED TO SLIDE OUT CONTROL UNIT 
AS ONE 


-for ease of servicing the amplifier is a plug-in unit. 


ETHER ‘XACTROL’ Potentiometer Recording Controllers are high-quality 
instruments, of the very latest design, for accurately controlling and 
measuring temperatures of — 200°C up to +2,000°C. They are equally 
suitable for measuring variables such as speed, strain, pressure and hydrogen- 
ion concentration, as well as any other quantity that can be expressed as 
an electrical signal. 
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* SIMPLICITY OF DESIGN * EASIER RANGE CHANGI! 





HIGHER STANDARDS OF PERFORMANCE 


* Unique Zero-load & Zero-differential control system 
* 6 calibrated scale * Small nr Ee 


* Patent Ink Cartridge * Front control-point setting 


yl ela ee 
FEATURES 
INCLUDE ! 


panel cut-out 


CONNECTIONS 
POSITIONED FOR 
WALL- MOUNTING OR 
PANEL-MOUNTING 


UNIQUE ZERO-LOAD 
& DIFFERENTIAL 
OL SYSTEM 


LINEAR SLIDE-WIRE 


sP LLY DESIGNED 

BALANCING- MOTOR 

WITH PRECISION 
GEARBOX 


i-CARRIAGE 
RAIL 


SYNCHRONOUS 
CONVERTER 


@, 
Ane 


\ 
‘N 


\S Wo. 5 
\ 
NTROL ' ce 
SETTING KN aa 
= i ae 
“i 
fe 4 
6 inch CALIBRATED my . 
CHART 
Ee 


GAIN CONTROL 
PLUG-IN PRINTED-CIRCUIT 
RANGE-CHANGE UNIT 


NS SUPPLY 
WITCH 


An exclusive feature of the ETHER ‘ XACTROL’ 
is the unique ZERO-LOAD & ZERO-DIFFERENTIAL CONTROL SYSTEM 


(pa.< . applied for) 





—which totally eliminates the 
use of mechanically-operated 


ae 


Flease supply, without obligation, full details of the 


linkages and snap-action switches 


@ ZERO-LOAD even at contro! point 
@ ZERO-DIFFERENTIAL 


@ WIPING-ACTION, continuously- 
cleaning contacts 


® ADJUSTABLE OVER FULL SPAN 


from £125-0-0 


delivered 


ETHER *‘XACTROL.’ 


AND 

ay 

at! 

UY PN 


TYBURN ROAD, BIRMINGHAM, 24 (East 0276-8) 
CAXTON WAY, STEVENAGE, HERTS (Stevenage 2110-7) 


REPRESENTATIVES THROUGHOUT THE U.K. 
AGENTS IN ALL PRINCIPAL COUNTRIES 


‘GREATER ACCESSIBILITY * EASIER SERVICING & INSPECTION 

























Safety/Relief valves are chosen for 


ROS . PERFORMANCE 
.ADAPTABILITY 
. MAINTENANCE 


Lower priced valves can be produced which will “do the job”, but will their performance, reliability, adaptability and 
maintenance requirements keep operating and maintenance costs and shut-down time to an absolute minimum ? 





CROSBY DESIGN—The Crosby JO & HS Full Nozzle, Full Lift Relief and Safety valves are the only valves having 
both easily adjusted, two ring control and truly flat seats on both disc and nozzle. 


HIGH PERFORMANCE -— Safety/Relief valves rely on fluid kinetic forces just as much as static pressure for correct 
operation. Without an adjustable guide ring to vary the secondary orifice to suit different fluids the secondary 
orifice contours would have to be individually machined to suit each application for optimum performance and 
cannot be expected to be completely satisfactory on fluids other than that for which the valve was ordered. 


WIDE ADAPTABILITY—The adjustment possible with the Crosby two ring control enables optimum performance 
of pop, lift, capacity, blowdown and shut-off to be readily obtained on all fluids, thus providing complete adapt- 
ability. 


EASY MAINTENANCE~— The perfectly flat seats on both nozzle and disc can very easily be resurfaced when necessary 
without the necessity of critical control of seat widths and angles; in fact the tools can easily be taken to the valve; 
it does not have to be taken to the tools. 


The Crosby one-piece disc can be resurfaced many times without costly replacements. Also any dimensional 
changes due to resurfacing can easily be compensated for by ring adjustment, ensuring optimum performance. 


BLOWDOWN CONTROL 

Guide ring accurately adjusts to re- 
quired blowdown by changing the 
reactive forces of the various flowing 
media. Blowdown adjustment is inde- 
pendent of pop action. 









FLAT SEATS 
Both nozzle and disc seats are com- 
pletely flat and easily resurfaced if 


a alata without replacement rt 


a 










POP ACTION CONTROL 


Adjustable nozzle ring assures sharp 
controlled pop action . .. prevents 
long drawn-out warn or simmer 
before popping. 


CROSBY VALVE & ENGINEERING CO. LTD. - WEMBLEY - MIDDLESEX - ALPerton 2311 


CHWR/3a/59 
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The Sign of Quality 


Introducing the M.B. Metals group: 


the complete service for industry 


consult us now £ 
* 


If you have problems concerning 
the Design, Development, Manufacture 
and Environmental Testing of 


ELECTRO-MECHANICAL COMPONENTS 


(including terminations) 


ELECTRO-MECHANICAL EQUIPMENT 
ELECTRONIC EQUIPMENT & COMPLETE SYSTEMS 


Please visit our 
laboratories 


Our ENVIRONMENTAL TESTING LABORATORIES also provide 


a service for the testing of components and equipment that has been 
developed by industry. 


The facilities for all the above are provided within the 


M.B. METALS GROUP 


* 


For further information on the above service 
and our standard products please contact the 


TECHNICAL SALES OFFICE. 


___MiLB. merans ur. 


VALE WORKS, PORTSLADE, SUSSEX 
TELEPHONE: HOVE 46275 


CHWR/3a/59 
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ERATURE GONTROR 


more efficient and reliable with the 


RED TEMPERATURE 
| CONTROL UNIT 


EFFICIENT ELEMENT 
@ Very small—hence high sensitivity 
@ Platinum wire type—hence high stability 
® No moving contacts—hence high reliability 
SENSITIVITY 
Relay will operate on 0.1°,, change ‘n resistance 
of element. This represents 0.4°C at 100°C. 


TEMPERATURE RANGES 





: 
= 
. 
oy 
. 
= 
2 
3 
> 
es 
3 
o 
Ps 








ere ry 


RANGE | -80°C to -15°C 
2 -15°C to 100°C 
3 + 10°C to ROC 






















300°C to 500°C 


AIRMEC 


TEMPERATURE 
CONTROL 
UNIT 


No. N24I 
Price £19.15.0 


IMMEDIATE 
DELIVERY 








See this instrument at the 1.E.A. Exhibition, 
Olympia, May 23rd to 28th, Stand D 162 


A mec 





AIRMEC LIMITED - HIGH WYCOMBE - BUCKS 
Telephone: High Wycombe 2501-7 
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ADDO 
DIGITAL 
PRINTERS 


ADDO-X, 41E ADDO-X, 441-30 


BUSINESS MACHINES 


STAND 864 


INSTRUMENTS, ELECTRONICS AND 
AUTOMATION EXHIBITION, OLYMPIA 
Bulmers (Calculators) Ltd., Empire 
House, St. Martins-le-Grand, London 
EC1. monarch 7991. Branches through- 
out Great Britain. 
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The appo-x Digital Printers, 
though still relatively new to 
industry, already form an integral 
part of numerous electronic, 
electrical and mechanical install- 
ations... providing the essential 
printed record of operations in a 
fast and most positive way. They 
accept electrical impulses by 
wire—via small electro-magnets 
—to all the keys and functions 
which are normally available on 
a manually-operated add/listing 
machine. By this method input 
speed is in the region of 15 digits 
a second, printing taking approx- 
imately one-third of a second. 

The appo-x Model 41E presents 
the printed information on a 
23” wide tally roll, and it is 
possible to ‘split’ the printing 
to provide a double column entry. 
For the recording of more com- 
plex data there are wide carriage 
machines to take paper up to 


12” wide which ‘shuttle’ to two or 
three positions . . . and for even 
further scope an ApDDO-x (Model 
6000) Book-keeping Machine may 
be used to print up to 84 figures 
in a row on paper as wide as 18’. 
Many additional features can be 
incorporated to suit individual 
needs—such as split registers, 
special calculation facilities, feed- 
back contacts etc. Whatever your 
problem in this field of Automatic 
Data Recording you may find the 
answer with appo—and their 
range of Digital Printers. 
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Silicon Controlled 
Rectifiers 
NOW IN QUANTITY PRODUCTION 


Some of the applications: 
* Motor Control 
D.C.-A.C. conversion 

Frequency conversion 
Phase-controlled D.C. power supply 
Static switching 


Ignition firing and numerous other 
applications in the aircraft, 
instrumentation and process control fields 


a a a ae 


Ratings 















































































































































a oe ke ee 
current power current power 
volts amp. watts volts amp. watts 
CX10/25 25 10 0-1 CX5/25 25 ~" 0-1 
CX10/50 50 10 0-1 CX5/50 50 5 0-1 
CX10/75 75 10 0-1 CX5/75 75 5 0-1 
CX10/100 100 10 0-1 CX5/100 100 5 0-1 
Cxio/iso = |= 10 0-1 Cx5/150 5 0-1 
CX10/200 200 10 0-1 CX5/200 200 5 -0-1 
CX10/250 250 10 0-1 CX5/250 250 5 0-1 
CX10/300 300 10 0-1 CX5/300 300 5 0-1 











Write for full details to: 


Associated Electrical Industries Limited 


Electronic Apparatus Division 


VALVE AND SEMICONDUCTOR SALES 
LINCOLN, ENGLAND 


1.E.A. EXHIBITION: VISIT STAND E213 
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if you had an 
all seeing eye 


if you had an all seeing eye you would at 
once realise the importance of Plannair 
Wafters, for you would be able to observe 
them simultaneously at work in very many 
electronic equipments and those of allied 
fields. 


At once you would be impressed by their 
reliability and adaptability to miniaturised 
electronic equipment, wherever a small 
general purpose blower is needed. 


Plannair Wafters offer the Design Engineer 
a compact, lightweight, streamlined and 
particularly silent answer to problems 
arising from localised ‘hot spots’. 


Plannair, as a specialising body, is com- 
pletely single-minded in its dedication to 
the solving of air movement and tempera- 
ture control problems. Plannair contributes 
the most efficient blowers, weight tq output, 
in the world today. Our knowledge could be 
of assistance, you think? Then we'd be 
more than happy to help! 


The Plannair Wafter Unit 3PL101-409 


TECHNICAL SPECIFICATION: 


Housinc Designed to comply with the Ministry of 
Aviation requirements to meet the Specification 
No. 1086B for tropicalisation. In light alloy anodised 
finish incorporating black moulded rubber resilient 
mouldings for supporting motor. Terminal block 
mounted on outside. 

Dimension 34” long, 4” dia. over bell mouth, 43” dia. 
over rear flange. 

weicuT 1b. 6 oz. 

impetcer Moulded fibre glass. 

motor Shaded pole type wound for 110/115 V or 
230 V single phase 50 cycles. Consumption 12 watts. 
PERFORMANCE 50 c.f.m. under free air conditions. 
speep 2,600 r.p.m. 

NOTE: The Plannair Wafter is available in a number of alter- 


native housings. Send for the Plannair Wafter leaflet which 
gives full details of units available. 


erat eA 
P LA N N A l R LI M IT E D Windfield House, Leatherhead, Surrey. 
gi . . AN a Tel: Leatherhead 4091/3 & 2231 


#) PLA33a 
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Put (SKH>) in control 






wherever you need dependability and accuracy 


Resolving the conflicting demands of precision, compactness and reliability in instrumentation is a 
problem that Kelvin Hughes components can help you to solve. Many components, originally 
developed to meet the exacting conditions of aeronautical applications, are now released for integra- 7 
tion in specialised instrumentation systems. 


Use this technical advisory service 


Kelvin Hughes specialists are available to advise on the suitability of these components for specific 
applications, and consultation at preliminary design stage will prove advantageous. 





D.C. MOTORS 


Illustrated is the Kelvin Hughes D.C. 
Motor M30, Mark 1. Of high quality 
and manufactured for long life, the 
range includes permanent magnet, 
shunt wound, precision governed, 
servo and tachogenerator types. Most 
of these may be supplied to naval, 
military and aviation specifications, 
and high altitude requirements can 
also be met. 


SOME OTHER KELVIN HUGHES COMPONENTS 


Pressure Capsules Absolute and Differential types in 
















Sine-Cosine Potentiometers High accuracy combined with 


durability. Oil-filled and miniature types, with contacts phosphor-bronze or beryllium-copper and welded types 
and wire of precious metals. in alloys and stainless steels. Wide range of sizes. 
Miniature Slip Rings Compact and light in weight. Very Pressure Transducers With Shaft output. Precision types 


low frictional torque. Up to 22 ways. with force balance principle for measurement and control. 












Please write for further details 
KELVIN HUGHES Components for Instrumentation 


KELVIN & HUGHES LIMITED - NEW NORTH ROAD - BARKINGSIDE - ESSEX 


TOA KH 
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Magnetic tape will record more data, faster, more 
accurately than any other medium. 


The Solartron LW 980 Magnetic Tape 
Recorder-Reproducer System has been 


introduced for evaluating behaviour of complex 


dynamic systems — either industrial or military — by 


precise recording of multiple input signals, for sub- 
sequent reproduction and analysis. 


* Frequency range DC to 100 Ke/s. 
% Multichannel input and output facilities. 


%* Record Time up to 84 hours with Tape 
Speeds 1} to 60 ips. 


% Input: 0.5 to 25 V, rms; Output: Nominal 2 V rms. 


%€ Environmental Range 40° to 95° F at 
100°% Humidity, Corrosion - Resistant throughout. 





— write now for literature to: 


WN a oN THE SOLARTRON ELECTRONIG GROUP LTD 


Victoria Road, Farnborough, Hants. 
Tel: Farnborough (Hants.) 3000. 
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complete range of 
DEVICES 


HIGH POWER 
SILICON DIODES 
Ratings 

25 to 250 amperes 
50 to 800 P.I.V. 


Drawings not to scale 


MEDIUM POWER 
SILICON DIODES 


High temperature milita 
types. New economical 
encapsulated series. 
Zener Diodes, 1 and 10 
watt rating. 


International Rectifier have now estab- 
lished their manufacturing facilities at 
Oxted and are able to offer a complete 


range of silicon devices. 
SPECIAL 
SILICON DEVICES 


Solar Cells, Readout pho 
tocells, Voltage reference 
packs, High Voltage cart- 
ridge rectifiers, Controlled 
application problems. Rectifiers. 


Our Engineering Department will be 


pleased to examine and advise on your 


Write for Silicon short 
form catalogue just issued. 


INTERNATIONAL RECTIFIER COc LTD 
OXTED - SURREY - ENGLAND 


Telephone: OXTED 3215 


BRITISH ASSOCIATE COMPANY OF 
INTERNATIONAL RECTIFIER CORP. - CALIFORNIA : U.S.A. 
The world’s largest suppliers of industrial metal rectifiers — selenium, germanium and silicon 


Gace 
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80% 


HIGHER OUTPUT CURRENT 


with the 


2Mcs 


Pn VS.10.H 


TROCHOTRON 


This new beam switching tube is the second in a range of Trochotrons under 
development by Ericsson Tube Division. Its outstandingly high current 
output offers a ready means of directly operating any of the series of 
Digitron® register tubes or similar devices including electromechanical 
registers. Its high speed will be of particular interest to engineers engaged 
in the design of nucleonic equipment, digital computers and other switching 
applications. The circuitry associated with the Trochotron being simple, 
gives added reliability and consequently saves on component costs. The 
overall dimensions of the VS.10.H are the same as the earlier VS.10.G. 


BRIEF SPECIFICATION 
Max. Target Voltage . . . . 300V Min. Input Pulse Duration . 0.25 uS 
Nom. Spade Voltage . . . . I40V Max. Counting Speed . . . 2 Mc/s 
Max. Target Current . . . I8mA Heater 63V . ... . O.5SA 
N.B. The VS.10.H specification embraces that of the VS.10.G 


The whole range of Trochotrons will be colour coded for ease of identification. 
VS.10.G—Red VS.10.H—Yellow 


TUBE DIVISION 


BEESTON - NOTTINGHAM 


ERICSSON TELEPHONES LIMITED, HEAD OFFICE: 22 LINCOLN’S INN FIELDS, LONDON, W.C.2. Tel: HOLborn 6936 
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OXYGEN RECORDER 


The Oxygen Recorder has been manufactured 
for a user to continuously record traces of 


oxygen in his product in the range 0-100 ppm. 


The determination, which involves a single 
regenerating reagent, is carried out colori- 
metrically. The instrument employs a stabilised 
photo multiplier coupled to a simple cathode 
follower unit which, in turn, feeds a potentio- 
meter recorder. Facilities are provided for 


standardising the equipment. 


This method of continuous 





monitoring may be applied to other 
colorimetric determinations employ- 
ing a single reagent which can be 





regenerated. If you have a similar 
problem which you feel can be solved 





by this technique, we shall be very TI 

pleased to assist you. of 

ee 

wi 

ar 

Further details available from : : 
EVANS ELECTROSELENIUM LTD . 
SALES DIVISION - 95 ST. ANDREWS WORKS - HALSTEAD - ESSEX tr 
SALES AND SERVICING AGENTS THROUGHOUT THE WORLD I 

$ 
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If you think of 


VIBRATION 


it's bound to register 
with the 


A\ \ * H VELOCITY PICK-UP AMPLIFIER 
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This unit is primarily designed to convert the output | variations in the performance to be compensated. 
of a seismic or non-seismic velocity pick-up into an | Construction is of the mains driven portable type, 
easily read meter presentation. The meter is provided | having provision for coaxial input from the pick-up 
with two scales having full scale calibrations of 100 | and an output socket for connection to a high imped- 
and 30 divisions, and a scale length of 3.25”. Full | ance recorder or oscilloscope. 
scale deflections are obtained for amplitudes of from | 
0.3 t f nets. tn et 1 Direct Reading 
3 to 300 thousandths o _ pena lard crating ed 2 Built-in Calibration Facilities 

: range 1.5— 1500 c.p.s. An important feature of the 3 Clear Open Scale 

equipment is that calibration facilities are included in 4 Not affected by Mains Fluctuations 

: the specification, enabling long and short term | 5 Robust and Reliable 
ARMSTRONG WHITWORTH EQUIPMENT succiecore, Gloucester. TELEPHONE 67011 

— SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD., COVENTRY, ENGLAND. MEMBER OF HAWKER SIDDELEY AVIATION 
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Aa 


i le extiauialy bampuct GUllk. i Bila. 3 tBin.) and has a poriermance 
and specification unequalled by many much larger instruments. 
The D.C. coupled amplifier (-3db at 6 Mo/s), voltage calibration, wide-range calibrated 


time base (5 sec. to 1p Sec. per om.) and a precision flat-taced C.R. Tube : 


TELEQUIPMENT LTD 


313 Chase Road - Southgate London N.14 - Tel: Fox Lane 1166 
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To provide British Industry with the technical service and high quality 


equipment that are required for the speedy and efficient attainment 


of completely automatic control, a new Company has been formed. 


HAGAN CONTROLS LIMITED 


embodies the vast development facilities and 
resources of The Plessey Group of Companies 
with the unique operational experience and 
‘know-how’ of Hagan Chemicals & Controls, 
Inc. Entering the field of automatic process 
controls as early as 1916, the Hagan Corporation 
is now one of America’s leading producers of 
instrumentation and control systems for com- 
bustion applications, industrial processes, 
aeronautical test gear and similar specialised 
equipment. 

Well proved over some forty years in a multi- 
plicity of process control installations, Hagan 
systems and components are designed to 
incorporate advanced techniques and maintain 
the highest standards of accuracy, and reliabi- 
lity, with adequate reserve of power. 


oT 


Hagan Controls Limited 
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Measurement 
Control 
Industrial Data Processing 


System study 


Whether you are planning an entirely new plant 
or streamlining an existing one, Hagan Controls 
Limited will readily provide the essential 
equipment and an incomparable service. 


A 
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Printed 
Circuit 
Counter 
Panels 





50kc/s Scaler 
, 5 1Mc/s Scaler 
A complete range of transistorized counter 


; ‘ Input Amplifier 
panels of common size, fixing method - ’ 


and electrical connexion, designed to provide Gute Unit 

a flexible unit system 10kc/s Oscillator 
whereby any special requirements 1Mc/s Oscillator 

in the counting or data processing fields Power Unit 

can be quickly built up. 50kc/s Read-out Scaler 


1Mc/s Read-out Scaler 
A fully illustrated brochure giving 












4 Channel Output Unit 
complete performance and f 
Read-out Unit 
specification figures for 


Meter Display Unit 
every panel in the range is 


Lamp Display Unit 
available on request. 
Numerical Indicator Tube 
Shift Register Stage 


Shift Register Driver 






RANK CINTEL LIMITED 
Worsley Bridge Road * London: SE 26 
HiTher Green 4600 


Sales and Servicing Agents: Atkins, Robertson & Whiteford Ltd. Industrial Estate, Thornliebank, Glasgow; 
McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16; Hawnt & Co. Ltd., 59 Moor St. Birmingham, 4. 
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Close-up of 
fitted Terminal Block. 


ks] 


The Plasti-bond Terminal 


Close-up of Heavy Duty 
Plasti-bond Terminals 


S J 
being applied during erection . a i re) if a e rs) a re 
of the new Signal eee 
Installation at St. Pancras. | 


WRITE NOW ABOUT THE CREATIVE APPROACH TO BETTER WIRING 


AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD. 
Head Office: Dept. 23 , AMPLO HOUSE, 87/89 SAFFRON HILL, LONDON, E.C.1. 

Tel: CHAncery 2902 (7 lines) Cables: AMPLO LONDON TELEX. Telex. 23513 

Works: Scottish Industrial Estate, Port Glasgow, Scotland 


TRADE MARK 


*Trade Mark of 


SOUTH AFRICA; DISTRIBUTOR : E. S. MOWAT & SONS (PTY) LTD. 51-57, MILNE STREET, P.O. BOX 437, DURBAN, NATAi, SOUTH AFRICA 
AMP incorporated, U.S.A. 


AUSTRALIA: MANUFACTURING COMPANY: AIRCRAFT-MARINE PRODUCTS: (AUSTRALIA) PTY. LTD. BOX 78 P.O. AUBURN, N.S.W. AUSTRALIA 
DISTRIBUTOR: GREENDALE ENGINEERING AND CABLES PTY. LTD. 43-51 NELSON STREET, ANNANDALE, N.S.W. AUSTRALIA 
ASSOCIATED COMPANIES IN; U.S.A.. CANADA, HOLLAND, FRANCE. GERMANY. ITALY, JAPAN AND PUERTO RICO 
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It’s a comforting thought that a complete wiring system, 
embracing perhaps five hundred connections, 
can be bought-in simply by quoting one part number. 


Preformed wiring by Plessey, in conjunction with Plessey plugs and 
sockets, solves many of the problems encountered in the making up of wiring 
assemblies used in the manufacture of electronic and electrical equipment, 
and the benefits both structurally and economically are considerable. 


One order on Plessey for a complete assembly — or set of 
assemblies — means only one supplier to progress — only one item to be 
dealt with by the various departments concerned. 


Let us begin at the beginning 
In providing complete wiring forms, cable assemblies and junction boxes 
to special requirements, the maximum economy can be achieved by calling 
in Plessey at the design stage. In this way can the wide experience 
of the engineers be used to your full advantage. 


WIRING & CONNECTORS DIVISION 


Plessey 


FP) cw i 
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teleprinters and punched tape equipment 










































Based on the punched tape technique— 
time-proven in world-wide service— 
Creed equipment today offers you an 
unequalled array of facilities for the 
automatic processing of business data. 
The latest machines . . . the newest 
techniques—all designed to speed, sim- 
plify and economise your operations. 
Whatever your data processing needs— 
a single unit ...a complete system— 
you'll find what you want at Creed. 
Why not discover now more about this 
equipment and how it can serve you? 
Bulletin PT.56 will start you off—a copy 
is yours for the asking. 


TELEPRINTERS 


For instant, accurate, two-way office-to-office 
communication of business data—over any 
distance, between any number of locations. 
A single, initial transmission delivers data at 
destination(s) in printed page form, on multi- 
copy stationery or as punched tape for subse- 
quent automatic processing. 





PUNCHES 


Record computer output—at 

speeds up to 300 characters 

per second; create input data 

tapes (with or without simul- 

taneous page print-out); pro- 

vide automatic ‘common 

language’ punched tapes of 

routine operations of cash 

registers, accounting machines, 

typewriters, etc. 
EDITING EQUIPMENT 
Facilities for verifying, compar- 
ing, correcting, duplicating, 
combining and winding tapes— 

READERS automatically, at high-speed. 






















For continuous automatic tele- 

graphic transmission of punch- 

ed tape data at full circuit 

capability; for input of data to 

computers and other tape- 

controlled equipment. 
EDGE PUNCHED CARD 
EQUIPMENT 


Alpha-numeric punching of 
data along edges of unit-record 
cards and tickets with simul- 
taneous page print-out of coded 
data; automatic high-speed 
conversion of edge card data to 
punched tape for telegraphic 
transmission and/or further 


(reed & Company ALLA ae 
machine processing. 


TELEGRAPH HOUSE , CROYDON SURREY “TE 


ASSOCIATE 
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LOOK HERE, PROFESSOR — 
DON'T YOU KNOW THAT THE 
2N 502 WILL GIVE A POWER 
GAIN OF 10dbs AT 200M /cs 
AND IS NOW AVAILABLE HERE 
AT 52/-! 
THAT'S ALMOST A 
50% REDUCTION // 
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ELECTRONICS 
FOR THE STEEL INDUSTRY 


DAVY-UNITED 
LOADCELLS 


FOR SCALECAR WEIGHING AT SAMUEL FOX 


This 80-ton travelling scalecar at the Stocksbridge 

Works of Samuel Fox & Company Limited carries 

60 tons of steel scrap for charging into an arc furnace. 

The charge bin is supported by four Type B Loadcells 

each of 40-ton capacity, an arrangement which offers 

consistent high standards of accuracy in weight recording, D AV Y- U he | T t D 
is less subject to damage in service as compared with 

the conventional weighbridge and costs considerably 

less than a mechanised weigh system. 


318/DU/! DAVY AND UNITED INSTRUMENTS LIMITED, DARNALL WORKS, SHEFFIELD 9 
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You cannot get better 


screws than Unbrako 


We are living in an age where things are moving faster. 
Today, there is a greatly increased tempo in technology, 
a growing complexity of design and a multiplication 
of parts. 

Breakdowns become more costly and more likely unless 
every component part is designed to stand up to the job. 
Unbrako Socket Screws cost less, far less, than trouble. 
The steel from which they are made comes from the 
Unbrako Steel Division. No ordinary steel either. Clean 
and free from inclusions, it is produced to our own 
exacting formula and supervised at all stages of manu- 
facture by skilled metallurgists. They aim at one standard 
only—a steel fit to be made into the world’s finest screws. 
Melting, cogging and drawing, plus every inspection, 


check and test that will produce flawless material, is also 
carried out in our own steel works by highly trained 
technicians and chemists. 

And finally the screws themselves. These are produced 
in our modern plant at Coventry where the wire is con- 
verted by cold forging to the famous Unbrako Socket 
Screw. Inspection, analysis and quality control checks 
carried out during the entire process of manufacture 
ensure that every Unbrako 

Screw has the performance 

that spells reliability. You 

cannot buy a better screw 

-specify Unbrako—always, 

Write for free samples. 


UNBRAKO SCREWS COST LESS THAN TROUBLE 


UNBRAKO 


SOCKET SCREW COMPANY LIMITED 


». COVENTRY 


UNBRAKO SCHRAUBEN, G.m.b.H., DUSSELDORF 
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Emgel & Gibbs Limited 


WARWICK ROAD BOREHAM WOOD HERTS - TELEPHONE: ELSTREE 2291/2/3/4 
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HERMETIC SUB-MINIATURE POWER 
SERIES SERIES SERIES 


aaaH 
sa eee 


7 aCe date) 
HEAVY-DUTY t 0 n n ‘ HI 0 rs PRINTED CIRCUIT 


MINIATURE SERIES 


SERIES * Precision Mouldings 


* Gold-plated Contacts 


SUB-MINIATURE ROUND 
SERIES 


STACKABLE 
SERIES 


MINIATURE ROUND Illustrated technical data sent on request: 
SERIES ee 
ELECTRO METHODS LTD., Electrical Connector Division, 
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Thorn Pygmy Power Relay 





New interchangable relay designed for 
use in remotely controlled automation 


units. Has double pole changeover contacts. 


Dust proof—transparent plastic cover. 


Plugs into any standard International 
octal valve base. 

Weight Only 44 ozs... 

projection only 2" above base. 


Mechanical life over 
10,000,000 operations. 


Switching current: 5 amps maximum at 
250 volts A.C. 

Maximum surge current: 10 amps. 
Operate time: 8 milliseconds approx. 
Release time: 6 milliseconds approx. 
Overall dimensions: 1%” square by 235” 
Coil voltage: 240 volts standard; also 
available for 6, 12, 24, 48, 60, 110 volts 


NOW/. . THORN PLUG-IN RELAYS 


i 8 



































Thorn T9 Micro-Switch Relay 


A plug-in relay, particulary suitable Fe 
for switching P.A. equipment, the : 
snap action contacts minimising 

interference with pick-up leads. 


Operating coil wound for any specified 
voltage up to 240 volts A.C. or 150 volts 
D.C. May be tropicalised. 

Up to three micro-switch pattern contacts 
mounted on standard coil frame. 

Versions available with up to 11 solder 
tags or 10 screw terminals. 


Contacts: 3 changeover. 
Mechanical Life: Over 10,000,000 operations. 


C/O Time: C.O. period less than 2 milliseconds. 

Max. Switch: 10 amps/240 volts A.C. noninductive load. 

Capacity: 0.2 amps/240 volts D.C. ,, a ie 
0.5 amps/110 volts D.C. ,, - P 


1.0 amps/50 volts D.C. ,, 
5 amps/24 volts D.C. ,, 


Max. Operate 


Speed: 20 cycles/sec. 
Switching: Up to 0.1 amp. approx. 20 cycles/sec. 
Frequency: ee ae o 3 


.? ._. 5 ” ” l 
sane ae bb oo Weel 
(referred to A.C. non-inductive load). 





COMPONENT AND CONNECTOR DIVISION 


Thorn Electrical Industries Limited. Great Cambridge Road. Enfield, Middlesex. Tel ; hone: ENField 5353 
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PAINTON Miniature Vitreous Wirewound Resistors 





Resistance 
Range 
ohms 





Up Protected by Patent Nos. 626128 4&4 575279 
eiien * Fully Type Approved to RCS 111 
“as * Top Quality ~* Quick Delivery 


* 2a: P . 
Painton&Co.Ltd. — * Compoliiwe Prices 
INGST : 
Tel: 34251 (10 lines). ‘Greens: "Gk Capaganee Al WAY ¢ PD Cay ZA m70 Mn Wh pewounde 
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or protection 


against flame-failure 


FLAME-FAILURE & IGNITION | 
CONTROLLERS TYPES 7008701 


These high-quality Controllers eliminate the dangers arising from flame- 
For gas or failure, and are effective in almost all types of gas or oil-fired 


furnaces. They employ an infra-red-sensitive photo-cell 


. ; erste 
‘ to ‘see’ the flame in furnaces, which discriminates between flame and 
-_oil-fired systems 


furnace-radiation. The photo-cell reacts instantly to flame-failure 
and, should this occur, the fuel supply is immediately shut off 
* : by an electronic control unit. 


Completely reliable Two Controllers are available. The Type 700 is semi-automatic (with) 


provision for automatic purge cycle) and the 


Type 701 is a fully-automatic relight unit 


Other Controllers operating on flame-conductivity or flame-rectification, 
and complete installations, are also available. 


Further details gladly supplied on request. 


INQUIRIES, SALES AND SERVICE : é 
CAXTON WAY, STEVENAGE, HERTS.: STEVENAGE 2110 
TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24: EAST 0276 


~ Representatives throughout the U.K. 3 
Agents in all principal countries Be 


ag 
. 
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installation 








SOLENOID | 
VALVES 


One of a range of highly-efficient solenoid 

valves, the HPOR is designed for use with 

all types of fuel oil. A lever mechanism | 
ensures a smooth hand-reset operation. The 














Illustra ted valve is held open electrically and closes ) 
if the current fails. It will not then 
is one of the HP. OR series re-open until the hand-reset mechanism is 
high-performance peerene 
= Many other types of solenoid valve are 
val ves f or use Wi th available in the ETHER range for use with 


ny, 


all types of town gas, bottled gases, air and many fluids. 


fuel oil 
. si 


COMBUSTION SAFEGUARD AND 
SOLENOID VALVE DIVISION 


aed 

: a 

sE 2110 
5T 0276 
val 











In almost every industrial process there is some 
stage where manpower could be cut by the applica- 
tion of fluid power. It is here that our labour can 
prove so labour-saving, since the whole weight of the 
Baldwin Fluid Pov-er Division is directed at cutting 
waste manpower and speeding production. 


BALDWIN TECHNICAL REPRESENTATIVES 


cover the British Isles. They are experienced fiuid 
power engineers, who will quickly show you how to 
harness waste or under-used power by fitting Baldwin 
equipment which, because of its unit construction, 
can be supplied from stock quickly. 


Write now for the Fluid Power Catalogue C/508 





Fiuid Power Division 
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THE EXPERT BALDWIN DESIGN STAFF 


at Dartford will plan automation schemes for any 
operation or series of operations up to the largest 
automatic production lines. 


HIGHLY SKILLED MEN 

on the Baldwin shop floor devote their attention to 
producing the superb finish, reliability and precision 
that characterises Baldwin Fluid Power equip- 
ment. There is a standard range of 384 pneumatic 
and hydraulic cylinders and over 700 control valves. 


We have long found that the best way to success is 
to give the best service. At every level, our man- 
power is aimed at increasing production for industry 
—and for Baldwin too, of course! 


A HARPER GROUP COMPANY 



























Baldwin Industrial Controls 


Baldwin Instrument Company Limited - Dartford - Kent 


Telephone Dartford 20948 & 26411 - Cables & Telex Baldwin Dartford 


By/35 
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White and Riches Ltd 





—specify | WARMS A/C or D/C COMPUTING UNITS AND SYSTEMS 


of AUTOMATION, AERONAUTICS, MISSILES and SATELLITES 
to enable complex non-linear problems to be 


analogued with these advantages 









for research, development and production in the fields 


RELIABILITY, REPEATABILITY, FLEXIBILITY, HIGH RESOLUTION, 
FAST RESPONSE and HIGH UTILISATION 

The full range of units includes E/M SERVO, 
SERVO AMPLIFIER + LINE AMPLIFIER - RESOLVER AMPLIFIER 


+ White And Riches Modular Systems 


ewit® 








Pail 


INERTIA SWITCH LTD 


offer a wide range of acceleration-sensitive devices. 










SWITCHES + PULSE OUTPUT UNITS + SHOCK INDICATORS + OVERSPEED CONTROLS 
GAS RELEASE VALVES + DEVICES DESIGNED TO YOUR SPECIFICATIONS 


* Axial, radial or rotary response. Momentary or holding contacts. 
Provision for adjustment or resetting. 
* Wide sensitivity range from -05g to 500g. 
Quick acting or damped to reduce sensitivity to superimposed vibration 
* Stability, accuracy and reliability assured by inherent simplicity of design 


and use of high quality materials 


= rd { White and Riches Ltd : CHAncery 4037 
Head Office: 121 KINGSWAY, W.C.2 Telephone 
\ Inertia Switch Ltd : CHAncery 3759 
Works: VICTORIA ROAD, BURGESS HILL, SUSSEX Telephone : BurGESS Hitt 85661 
B/35 A.L.D. and A.R.B, approved 
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THE GILBARCO FIRTH CLEVELAND TANK 
GAUGE is a highty sensitive electronic device for local 
and remote indication of the level of liquids—or liquid 
interfaces—in deep tanks of all shapes and sizes. It gives 
continuous readings of level for liquids of any specific 
gravity and it is accurate within a few thousandths of an 
inch—this is particularly important in tanks with a large 
free surface area. 

The instrument is suitable for use in hazardous areas 
and in extreme temperatures and it will operate data 
reduction or logging equipment. One remote indicator 


aH Si Sits. 


F 
: 
: 
Q 


v9 


can be arranged to show the contents of up to 30 tanks 
in turn. 

Routine maintenance can be carried out without taking 
the tank out of service. 

These gauges are available to American Class 1 Group D 
Division 1 classification. We are shortly producing them 
to meet Buxton flameproof requirements. 

The range of Firth Cleveland Instruments includes 
Electrical, Mechanical and Hydrostatic Tank Gauges, 
Pressure Operated Switches, and Pressure Relief Valves. 
We shall be happy to send you full particulars. 


CKEDID >) 


~ a 


—— 


Made under licence to Gilbert and Barker Mfg. Co., U.S.A. For full details write to: 


FIRTH CLEVELAND INSTRUMENTS LTD 


— 


q Cc STORNOWAY HOUSE, CLEVELAND ROW, LONDON, S.W.I. TELEPHONE: WHITEHALL 2166 


A MEMBER OF THE FIRTH CLEVELAND GROUP 


Branches: BIRMINGHAM 
JOHANNESBURG 
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SIEMENS HALSKE 
MINIATURE RELAYS 


You probably know as much as we 
do about these brilliant miniature 
relays. We only wanted to remind 


you that B. & R. are the sole dis. 
tributors in this country. 


RELAYS 


LIMITED 


B& R RELAYS LIMITED 
Telephone: Harlow 25231/4 


* TEMPLE FIELDS - HARLOW - ESSEX 


Member of the Gas Purification Group 
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PRESSURE GAUGING - with the heat on! 





If you make a product which needs pressure 
instrumentation or control under extreme 
conditions you should know about the 
Solartron High-temperature Transducer 
N.T. 4-317. Whether it’s engines, weapons, 
missiles—or even plastic toys—you can 
learn more about your product, faster, 
more accurately, with these tiny pick-offs 
which are remarkably stable and linear 
even up to 600° F. 
Small wonder then that Bristol Aircraft 
Limited chose the NT. 4-317 in 
developing their outstanding T.188 
supersonic research aeroplane. 
Pressure ranges are from 100 psig 
to 5,000 psig, compensated 
temperature range is 
—65° F to + 600° F. 


Write now for data sheets 
of this and other transducers in 
the Solartron range. 
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THE SOLARTRON ELECTRONIC GROUP LTD 


(Transducer 
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low priced servo-operated 
indicating recorder controller 


for current or voltage 


Capacipoise 
cee ean ee 
SERVOGRAPH RANGES 


mate 
laa lie 


CRU UE ee 
incorporating the well-known Teta a 
Fielden Transistorised plug-in ce aaa MH eH 
eee 
NIC nada 
EE a 


electronic unit... 


ee | 


[his inexpensive Servograph is fully transistor 
and has a greatly simplified n 

exceptional reliability. The pen and indicat 
pointer are motor driven and 1 


send for fully ane 


ed by pen-to-paper fricti 


detailed specification sheet 
Cap 2/C 


Fielden 


FIELDEN ELECTRONICS LTD - WYTHENSHAWE - MANCHESTER Phone: Wythenshawe 325! (4 lines) Grams: Humidity Manchester Indicating 
ALSO AUSTRALIA, ITALY AND CANADA Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH AND DUBLIN Recording 


Agents throughout the world Control 


CAP/SERVO 
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ansducer Div Et 


Steel 


For many years the precise control associated with “VSG’ 
variable delivery hydraulic pumps and transmission gears has 
proved invaluable to the Steel Industry. 

Mill and drawbench drives, sawing and measuring tables, 
processing machines and manipulators are a few examples of the 
many applications of ‘VSG’ equipment. 

The Steel Industry is but one of many industries which ‘VSG’ 
has now been serving for over fifty years. 


SERVING MODERN INDUSTRY 


Indicating 
Recording 
Control 


VICKERS-ARMSTRONGS (ENGINEERS) LIMITED - VICKERS HOUSE - BROADWAY - LONDON SWI 
29C 
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announce the G- PAC MK II 
GENERAL PURPOSE ANALOGUE COMPUTER 
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The G-PAC MK II GENERAL PURPOSE ANALOGUE COMPUTER is 
the choice of the discerning engineer in all fields of industry for the solution of 
complex problems. 


In the Chemical Engineering field. 
* STABILITY STUDY OF DISTILLATION AND FRACTIONATING COLUMNS 
* SIMULATION OF PROCESS CONTROL IN CHEMICAL PLANT 


%* STUDY OF REACTION AND DIFFUSION PROBLEMS 
* HEAT TRANSFER 


are examples of the wide range of applications in which G-PAC Mk II can considerably reduce 
days of tedious design study to hours. 


For advice on problems—the long experience of the ELLIOTT ANALOGUE 
COMPUTING SERVICE is available to customers. 


Enquiries should be addressed to: 


PANELLIT LIMITED, Elstree Way, Borehamwood, Herts 
Ly A member of the Elliott-Automation Group Telephone: Elstree 2040 
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When you buy Motor Starters - - 


YOU PAY FOR OVERLOAD PROTECTION 


- " : | 
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1 


SURE migra 
YOU Fgamerien,| 


(solder pot) provides accurate is an integral part of overload 


unit. It’s permanently joined 
response to overload, yet pre- to solder pot, can’t become 
vents nuisance tripping. misaligned. 


Only ONE-PIECE Only Square D has ONE-PIECE 
Overload Relays can Construction. ONE-PIECE construction elimin- 

give 100%, Protection. ates any possibility of heater misalignment. Square 
Only with ONE-PIECE construction can D melting alloy thermal overload relays can be in- 
you know you've installed the heater cor- stalled only one way. They are tamper-proof. They 


=e: ef 















rectly. Only with ONE-PIECE construction can you are factory-assembled, are individually calibrated 
know the heater is exactly centred, or properly and tested. Repeated tripping will not affect their 
positioned, so that it performs according to its rating. accuracy. 


Only with ONE-PIECE construction can you know your 

starters will not operate without the thermal units Insist on square D starters with melting 
properly installed. Only with ONE-PIECE construction 

can you know your motors have full protection. alloy thermal overload relays 


LET US PROVE IT! 


Let your Square D Field Engineer show you 
1 how one-piece construction is accomplished 
and how easy it is to mismatch separate 
heaters and solder pots — 2 a tripping time 
tester to compare various types of melting 
alloy units and to prove that tripping time 
won’t change after repeated operation. 


LEADERS IN CONTROL GEAR FOR OVER 50 YEARS. 

















SQUARE Oo 








CHENEY MANOR SWINDON WILTSHIRE 
Square D products are stocked by leading electrical wholesalers throughout Great Britain, 
FIELD OFFICES — LONDON * BIRMINGHAM * MANCHESTER * GLASGOW * NEWCASTLE < BRISTOL <* LEEDS 


HA23 
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prototypes PRIORITY is given to all prototype samples to enable engineers to proceed with their designs 


minimum of delay 


MAGNETIC DEVICES L! 
EXNING ROAD NEWMARKET ENGLAND lel: Newmarket 3181-5 Grams: Magnetic New! 
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for systems engineers BEA mania 


When designing control systems for 
completely reliable operation experienced 


engineers have absolute confidence in 


rea approaching Magnetic Devices Limited 
a) 
ps of 
SN 
a for Relays. 
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MEN IN THE KNOW 
HAVE THE RIGHT CONTACTS 


Versatile and reliable, Keyswitch relays set 
the standard for design robustness, sensitivity 
and extremely efficient operation—even under 
the most hazardous operating conditions. 


Special combined relay 
circuits fitted with 

5 amps. micro switch 
and 9 standard 0.3 amp. 
contacts. 


and now Plug-in 3,000 Type Relay 
All the versatility and 

well established abilities 

of the best known relays 

in the world plus 

plug-in facilities. 


%* Positive contact between male 
and female pins. 

%* Transparent or metal cover. 
* Clip retains relay positively in 
any position. 
%*& Contacts up to 18 light duty or 
12 heavy duty. 
%* Complete transistorized orA.C. 
units. 


P.O. 600 Type (Minor) 
relay with a combination of 
heavy-duty and light-duty 
contacts for space and cost saving. 


ITCH 


Sales Executive 


2 lrongate Wharf Road, Praed St., London W.2 
Tel: PADdington 2231 


Extremely advantageous quotations can be offered for quantity orders. 
Contractors to Home and Overseas Governments and H.M. Crown Agents. 
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This relay incorporates 15 amp. 
Micro Switch, 5 amp. Mercury 
Switch and Standard 0.3 to 8 

amp. contacts. 


RELAYS FOR ALL PURPOSES can be 
supplied to customers’ requirements. For 


AUTOMATION 

COMPUTERS 

BATCH COUNTING & PHOTO ELECTRICS 
TELEPHONY & INTERCOM. SYSTEMS 
AUTO-TIMING & AUTOMATIC SIGNALS 
MOTOR & MACHINERY CONTROL 
CURRENT & VOLTAGE REGULATION Etc. 
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of the most experienced companies 


in the world have joined resources to found 


ASSOGIATED TRANSISTORS Ltd. 


a company devoted to making the world’s 


finest range of semiconductor devices 


Automatic Telephone & Electric Go. Ltd. 






and to apply the unique fund of knowledge 


The English Electric Go. Ltd. 


accumulated by these three organizations 


Ericsson Telephones Ltd. 





the Symbol of Reliability 





ASSOCIATED TRANSISTORS LTD - Stonefield Way - South Ruislip » Middlesex 
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a EW FROM ELLIOTTS 


Latest instruments in the range of ELLIOTT Process Control Equipment 













meter Type Leak Detector serves to locate and 
measure leaks in either evacuated or pressure 
systems, This is a highly sensitive instrument, 
capable of detecting one part of helium in 
10,000,000 parts of air. 





* LEAK DETECTION. The 24-110A Mass Spectro- 





MOISTURE MEASUREMENT. Types 26-310 and 26-312 process 
Moisture Monitors. These process Moisture Monitors are rugged 
precision instruments designed for continuous in-plant measurement 
of moisture in gases, gaseous mixtures and liquids, The 5-step 
attenuator permits precise readings over the full scale range of 

1 to 1000 ppm. Write for Bulletins 1845A and 1856 


The types 26-301 and 26-302 portable Moisture 
Monitors measure moisture in gas from less 
than 1 ppm to 1000 ppm and 20,000 ppm 
respectively. The 26-350 series high-pressure 
Moisture Monitors can operate at pressures 

up to 10,000 psig. Write for Bulletins 1834A, 
1834C, 1855. 


Other analytical and control instruments include: 
Viscometers, Infra-Red Analysers, Mass Spectro- 
meters, Laboratory and process Chromatographs, 
Refractometers, Titration Analysers, Fluorimeters and 
Spectroscope Equipment. 





Quality Control Instruments Division 
ELLIOTT BROTHERS (LONDON) LTD, Century Works, London SEI3 


EY 


A MEMBER OF THE ELLIOTT-AUTOMATION GROU? 
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Pelapone, backed by long 
experience in Automatic 
Rotating Plant, are able to 
offer Control Systems of 
high accuracy to meet 
specific requirements. 
Integrated Control 
Systems can be designed 
to cater for a wide range 
of inter-dependent Plant 
including mimic diagrams 
and remote indication 
units. 
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HERE... THERE...EVERYWHERE 


PELAPONE LIMITED 


Sales Division: 38/40 Bruton Street, London W.1 
Cables: “ Pelapone-London. os Telephone: MAYFAIR 2034, 


Works: Slack —. Derby. 
Grams: “ ) "* Telephone: DERBY 45436. 


rit 1960 CONTROL April 1960 Tick No 95 on reply card for further details 


















Zero-point position 


Accuracy 
Balancing force 
Damping of the servo-system 
Bridge current 

Amplifier 


Permissible input impedance 


ny Permissible D.C. voltage 


NN averse, across input terminals and 
O12 3 4 $66 7 6 $ 0 asenih 


Permissible A.C. voltage 


Y-CHANNEL 


Direction of pen movement 
Graduation of scale 


Length of scale 


X-Y RECORDER TYPE PR.2220A/00 


at 0, 20, 40, 50, 60, 80 and 


0.5% 
Approx. 300 grams. 


critically adjustable. 


A.C. amplifier, plug-in type. 


400(Q)/mV of measuring 
range selected * 


across input terminals 0.00! 
x span; across input terminals 
and earth 100 x span* 


* Criterion of reproducibility 0.1%. 


100%, of the full scale 












I mA + 0.1%. 














1000 x span, 100 V maximum * 














horizontal. 





linear from 0 to 100. 





250 mm. 










Balancing time 


MY’ RECORDER = 


Length of X-axis 














Response time 


Dy re j Li os ee 


MEASURING RANGES 
Y-CHANNEL 


Philips X-Y recorder PR.2220A 00 records the relation- 
ship between two variables which can be represented 
by small D.C. voltages. The unit consists of two 
complete'y independent measuring circuits operating 
on the automatic zero balancing principle, in which 
the pen is operated by one of the circuits and the 
chart drive by the other. Leaflet IM4-A12 gives 

full technical details — write for your copy now. 


instrument House - 207 King’s Cross Road - London - W:C-1 
Telephone : Terminus 2877 
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- > The Philips X-Y Recorder is a 
Sole distributors in U.K. : Product of N.V. Philips, Eindhoven. 


RESEARCH & CONTROL INSTRUMENTS LTD 
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I sec. for full scale deflection. 





vertical upwards or downwards. 
preprinted strip chart. 


250 mm: after change of 
transmission ratio 360 mm. 


2 sec. 


ink container and capillary 
stylus for 0.3 mm line width 
tear-off arrangement for 
recorded diagrams. 
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Thought for the future 


HENEVER an exciting new idea cap- 
Wit the imagination, popular acceptance 

tends to overshoot into absurd general- 
izations. Thus the ancient Greek geometers were 
so delighted with the logical beauty of their sub- 
ject that they attributed triangular shapes to their 
elements, and saw remarkable philosophic signifi- 
cance in the perfection of a sphere. Again, now 
that men have some knowledge of how atomic 
nuclei behave, nuclear reactions have quickly 
been supposed to explain the sun and the stars, 
the passing state of the weather, and, most re- 
cently, the unfortunate change in composition that 
was experienced by Lot’s wife. A contemporary 
of nuclear energy is feedback, and this too has 
suffered from the excessive zeal of the acolytes. 
We ourselves remember a lecturer whose sense 
of revelation was so strong that he would call 
feedback the fundamental principle of life—even 
of the universe. 

Coupled with the concept of feedback, and 
deified not only by the multitude but also by some 
technical men who should know better, is that 
remarkable phenomenon automation. Indeed, 
there are those who say that feedback is the touch- 
stone of automation, and that without it one has 
only paltry nineteenth-century mechanization. Re- 
cently we were privileged to hear a lecture by 
Professor A. G. Ivahnenko of Kiev—one of three 
delivered by him in the United Kingdom—in which 
he expounded a_ generalized approach that 
(although we hesitate to be emphatic after such a 
glancing acquaintance with it) appears to be an 
important contribution to control theory. The 
Professor dealt with what he called ‘ combined 
systems,’ that is, systems in which both feedback 
and feedforward are employed. It would seem 
that combination in this way makes possible a 
form of controller that is much more like a human 
being in its behaviour than is a pure-feedback 
system. 

With replacement of human labour as perhaps 
one of its greatest aims, automation is often said 
to promise the possibility of mechanical decision. 
Judgment in the future is to be exercised by com- 
puters that are really artificial brains, and these 
will be the dominant feature of control systems to 
come. In our March issue we published a most 
interesting article by Mr. R. A. Brooker of 
Manchester University. In this the author dis- 
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cussed some recent work towards the construction 
of such artificial brains, and suggested that think- 
ing machines will be with us in a few years’ time. 
This prediction has drawn the fire of one of our 
readers, and we publish his letter, together with a 
reply from Mr. Brooker, in the present issue. The 
dispute is not entirely a new one, but is not there- 
fore less interesting. For our part, we have sym- 
pathy with both sides. We see no reason, a priori, 
why it should be impossible to construct an arti- 
ficial brain, and we regard this as being in rather 
the same category as the artificial synthesis of 
living matter. It seems acceptable as a working 
hypothesis that only physical and chemical pro- 
cesses are involved, and that these will be mastered 
in time. But it would be another thing to say that 
we are already making machines that think. For 
thinking is a much wider activity than solving 
mathematical problems or answering questions set 
by an academic examiner. Mental activity cannot 
be entirely divorced from other bodily functions, 
and if an artefact is to ‘think’ in the same sense 
as a human being is said to do so, then that 
artefact must be a pretty fair imitation not only of 
a nervous system but also of a whole man. 

Descartes is a philosopher well known to engin- 
eers for an invention that has been of untold 
benefit to them through the centuries. He, trying to 
take account of all the errors and deceptions that 
gross matter might inflict on him, queried every 
aspect of appearance down to what he considered 
to be the last unquestionable fact; cogito ergo 
sum, he concluded, / think, therefore I am. In 
our time, because machines that can do some 
brain-work undoubtedly exist, the Cartesian argu- 
ment seems to have been reversed; these machines 
are, therefore they think. We suggest that it is 
dangerous to stretch metaphor into identity, and 
that for the sake of clarity it would be better if 
the verb ‘think’ were reserved for the human 
process. A machine may solve problems, answer 
questions—even ask them—but let us not say it 
‘ thinks’ unless it is a reasonably complete replica 
of a human being. Machines might supersede 
homo sapiens, as Mr. Brooker suggests, but that 
would be because of a degree of superiority in 
controlling their environment. To attain this they 
might need a system considerably less whimsical 
than the human process of thought, and perhaps 
in some ways fundamentally different from it. 
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‘ANALMATIC’ equipment provides automatic chemi- 
cal analysis with the highest standard of reliability and 





accuracy. It has been installed by leading companies for 
process and quality control. ‘ANALMATIC’ equipment 
cuts costs, frees trained chemists from routine work, 
improves efficiency in existing plant and enables new 
techniques and processes 


to be introduced. 





‘ANALMATIC’ AUTO-TITRATION EQUIPMENT 


The AUTO-TITRATOR is an outstanding example of the ‘ANALMATIC’ 
range. It can monitor a number of identical process streams by carrying out 
titrations to potentiometric, redox, ‘dead-stop’ or pH end points, or by 
colorimetric methods. Results of analyses can be provided as frequently as 
once every three minutes and can be fed direct to plant control systems. The 
AUTO-TITRATOR is designed to be easily adapted to suit the individual 
process. There are many applications in the production of heavy chemicals, 
petroleum products, pharmaceuticals, paint and paper and in brewing, water 
purification, and many other fields. 

We shall be pleased to discuss the specific applications of ‘ANALMATIC’ 
equipment to meet the requirements of your process. 


W 


Burette Unit 


ANALMATIC 


Automation in analysi 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAI 











Branches in London, Manchester, Glasgow. Agents througholtt U.K. dnd alljover 





SUBSCRIPTION RATES 
(all post free) 


INTRODUCTORY RATE £1.10.0 
—available only to individuals 
who have not previously sub- 
scribed 


NORMAL RATE 42.2.0 


(U.S.A. and Canada) $8.00 


3 YEAR RATE £5 
"U.S.A. and Canada) $20.00 


£1.0.0 


available to engineering 
‘Sludents and. apprentices 


Please send me CONTROL 


Starting with the 
invoice me later at the following rate: (tick appropriate box) 


issue and 


[] INTRODUCTORY RATE £1.10.0 []) 3YearRate £5.0.0 ($20.00) 


[] Normal Rate £2.2.0 ($8.00) L] Student Rate £1.0.0 


Existing readers: A special group rate is available at a substantial reduction for 
three individuals subscribing together. [) Tick here for details 


(H.P. 3154) 





No Postage 
stamp 
ae _ necessary 
paid by if posted in 
the licensee Great Britain 
or Northern 
Ireland 


Business Reply Service Licence WD 1823 


CONTROL 

Rowse Muir Publications Ltd, 
The Rowse Muir Building, 
77-79 Charlotte Street, 
London, W1 

England 








ad 





PCONTROL April 1960 


LETTERS 


to the EDITOR 


Sum ergo cogito 


SIR: I was very interested to read 
Mr. Brooker’s article in your March 
issue. He seems to believe that a real 
thinking machine will be made before 
long, and his criterion of what con- 
stitutes ‘ thought’ is the ability to fox 
an interrogator for five minutes. This 
I find hard to swallow! It is obviously 
possible, in principle, to store enough 
information in a sufficiently big and 
complicated machine to give it a 
sporting chance of answering all of 
an average interrogator’s questions 
over any small and finite interval of 
time. I suggest that the minimum con- 
vincing interrogation period is one 
human lifetime—and even then I 
would not myself consider the case 
to be proved. 

I was rather struck by your own re- 
mark, Sir, at the end of your leading 
article in the same issue, where you 
said that for practical purposes we 
must assume that we will always be 
ahead of the machines we create. 
You hint, oddly enough in paren- 
thesis, at the only good criterion of 
a machine’s intellectuality—its ability 
to supplant human beings in domina- 
ting the environment. This I think 
would be a wholly valid test, but I 
do not relish the thought of it. 

Incidentally, I notice that the arith- 
metic is wrong in the conversation 
piece quoted by Mr. Brooker. Is 
there something subtle in this, or is 
it a slip of the pen? 


South Kensington. D. IDWAL JONES 


Mr Brooker writes: 

“Much as one would like to ques- 
tion the “‘ candidate” indefinitely, the 
fact remains that in real life situations 
such as interviews and oral examina- 
tions, the interrogator has to make up 
his mind in an hour or less. The ques- 
tion of the mechanism* involved is 
surely irrelevant: if the candidate can 
give satisfactory answers for the dura- 
tion of the interview, then it is only 
polite to assume that he can think. 
One does not ask the candidate for a 
nervous diagram of his brain. To be 
sure, in the case of a human candi- 
date one has written evidence in the 
form of testimonials and theses, but 
the machine can equally well supply 
such written “ evidence”, I could pro- 
duce several such testimonials to our 
own machine ! 

As regards the arithmetical slip, I 

* The machine's ‘ knowledge’ will probably 
be stored in the form of ‘trees’ and the 


mechanism of memory some kind of ‘ recon- 
struction.’ 


guess Turing intended this to draw 
attention to the fact that the machine 
must bear in mind some of the human 
frailties. In other words if the candi- 
date never made a slip of this kind, 
it would be sensible to infer that it 
was non-human ! 

On the question of whether we shall 
always be ahead of the machines we 
create, I think it would be wise to 
assume that we shall not—at any rate 
from the year 2000 onwards. I don’t 
see that this need give us great cause 
for concern, after all most of us live 
or work in the presence of someone 
who is our intellectual superior, yet 
we do not necessarily carry around 
with us the burden of an inferiority 
complex. Nobody would penalize a 
man for not being able to add two 
numbers together in a microsecond, 
nor in the future do I think we shall 
regard ourselves as “inferior” if the 
machine takes over more intellectual 
tasks as well. Thus many intellectually 
gifted people are content to work for 
bosses who are not as clever as they 
are. 

Finally as the editor pointed out, 
we may be at the end of our ascen- 
dancy in the evolutionary process, 
after all there is no reason to sup- 
pose that it will continue on biological 
lines: just as Neanderthal man was 
replaced by Homo Sapiens, perhaps 
electronic computers are destined to 
be the Inheritors of the Earth.’ 

(See also page 97.) —EDITOR. 


Suspicious about electronics ? 


SIR: I have read G. M. Sturrock’s 
article Electric controls in the Britan- 
nia, which you published in your 
February issue, with some interest and 
was particularly struck by his con- 
clusions. He defends electric controls 
against the arguments of the enthusi- 
ast for lengths of steel wire very ably, 
but it is a defence for all that and 
not a downright statement that the 
modern electrical linkage is superior 
to its conventional mechanical coun- 
terpart. 

One comes up against this sort of 
defensive approach to electrical—and 
here I include electronic—control time 
after time. There is, in my mind at 
least, little doubt that the electrical 
approach is in general far superior to 
the mechanical—hydraulic, pneumatic 
or what have you—system for the 
majority of applications. The usual 
reason for installing mechanical 
equipment is, of course, its presumed 
reliability. But are mechanical devices 








really so reliable? And have present- 
day electrical controls such a bad 
record? The modern thermionic valve 
can more than stand comparison with 
the admittedly cunning but somewhat 
Heath-Robinson mechanical boxes of 
tricks with which industry is littered. 
Solid-state devices are even more re- 
liable and may even, I understand, 
have an almost infinitely long work- 
ing life. Reverting to the aircraft case, 
I suggest that the various black boxes 
making up an aircraft installation will 
be in good working order long after 
the aircraft has been scrapped. 

This feeling that electronic tech- 
niques are suspect—a feeling which 
CONTROL does little to counter—dates 
from the plumber’s-mate era of fac- 
tory maintenance, and has little place 
in modern industry. 
Trafford Park 
We try to keep an open mind. Do 
any other readers feel strongly about 
this? EDITOR 


CHARLES RAMSEY 


PUBLISHER’S COLUMN 


More expansion 
Readers sometimes imagine that 
we, as publishers, enjoy only a 
business appreciation of how 
well our journal is doing. Cer- 
tainly we are gratified by the 
steadily rising circulation fig- 
ures, and they do indicate how 
rapidly the popularity and 
influence of CONTROL are grow- 
ing. But we also cannot help 
seeing the mounting piles of 
contributed material that are 
handled by the Editor and his 
staff. When we notice how some 
of this material is submitted— 
perhaps as a smudged carbon 
copy or a scrawled manuscript 
—we admire even more the 
professional patience of those 
who assess it. We know that 
they try to apply strict tech- 
nical standards uninfluenced by 
poor presentation, but some- 
times their judicial calm must 
be sorely tried. 

The greater demand for 
CONTROL is of course partly due 
to the ever greater activity in 
the control field, and we are 
expanding the editorial staff to 
keep pace with it. This month 
we have pleasure in welcoming 
H. G. Bass, M.A.(Cantab.), an 
engineer with many years of 
experience. His career so far 
has included appointments with 
George Kent, the National Coal 
Board, and Heinz, and his out- 
look is as broad as a control 
engineer's should be. We wish 
him good luck in his new post. 


Regentone chose 


MAXAM 


luid Power 


operated 
Rotasembler 
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to obtain a 407, increase in assembly efficiency 


Work Study Equipments of Woodford developed and manu- 
facture Rotasemblers, the new rotary-indexing storage and 
dispensing machines which have made their first appearance 
at Regentone Radio and Television Ltd. Twenty Rotasemblers 
have been installed to store and dispense small electrical 
components for the production of printed circuit radio and 
television receivers. 

The indexing mechanism which turns the Rotasembler is 
operated by a MAXAM double-acting air cylinder and an 
automatic brake assembly. A MAXAM foot-valve controls 
the movements of the air cylinder and the brake which, in 
turn, controls indexing movements of the storage hoppers. 
These movements bring the components, in correct assembly 
sequence, to a point only a few inches from the assembly area 
and simplify identification of parts. Assembly errors are 
almost entirely eliminated. 


More and more constructors of flow production 
machinery are designing their assemblies with 
MAXAM Fluid Power in mind ! 


If you are a Chief Draughtsman, Works 

Manager, Production Head or other person 

seriously interested in safely increasing 
productivity, please send for our literature covering standard 
valves, cylinders, rams and other hydraulic/pneumatic equip- 
ment in a wide range of sizes and types. 


MAXAM POWER LIMITED 


Distributed by: 


Holman Bros. Limited, Camborne, England; Camborne 2275 
and at 44 Brook Street, London W.1; Hyde Park 9444, 


Also in Birmingham * Cardiff * Glasgow * Peterborough 
Sheffield. Australia* Canada * East Africa * France 
India * South Africa’ Spain’ U.S.A.* West Africa. 


With Agents and Representatives throughout the world. 


Fluid Power Equipment 


REGISTERED TRADE MARK 
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and Development, and asks... 


WHO IS IN CONTROL ? 





The difficulties involved in financing engineering 
design and development were discussed by J. N. 
Toothill in the February issue of CONTROL. He 
pointed out that large sums of money were now 
being spent in this way and it was becoming 
increasingly difficult to recover the investment. 

In these circumstances it is clearly necessary to 
go to considerable lengths to ensure that money 
spent on research and development is used as 
wisely as the limits of human prognostication 
allow. Now that the comfortable days of widely 
spread government contracts are no longer with 
us, and competition in the markets of the world 
grows stiffer every day, these problems press in- 
creasingly upon us. It does, therefore, seem oppor- 
tune to examine the way in which information 
and recommendations are collected and fed to 
top management to enable it to decide where 
money required for engineering development can 
be applied to the best advantage. Should we not 
give more attention to our methods of market 
investigation and product appraisal? 

The desirability of directing our efforts to 
meeting, as nearly as possible, the real needs of 
our customers may well be obvious. Yet how often 
do our sales managers complain that the product 
designed by the engineering staff is not precisely 
what they require to meet the competition? How 
often do designers assert that the salesman doesn’t 
appear to know early enough what is wanted— 
sometimes not until he has seen a competitive 
product already in a customer’s hands? To secure 
the optimum co-operation between our salesmen 
and research and development engineers is a prob- 
lem of the greatest importance, and the basic 
organizational and human problems involved re- 
quire thought and examination. 

Both sales and engineering must contribute 
their knowledge and experience to form a partner- 
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R. E. Burnett, Managing Director of Marconi 
Instruments, discusses co-operation between Sales 


ship of mutual trust if reasonably accurate fore- 
casts of product requirements are to be made. 
There are still some misguided die-hards who 
think sales alone should dominate the scene; 
equally misguided are the design and development 
engineers who think their responsibilities end 
when they have handed over a working prototype 
or a manufacturing drawing. A change in outlook 
is necessary. The increasingly complex problems 
obviously require of the engineer a high degree of 
technical knowledge and specialization, but to this 
must be married the salesman’s experience of the 
market if top management is to be adequately 
advised on the likely trend of events and the prob- 
able requirements in three years’ time. 

In this article I have taken as an example the 
need for better co-operation between sales and 
engineering. I might equally have taken sales- 
production or engineering-production liaison, for 
all of these raise difficulties which ultimately 
affect the financial success or failure of an enter- 
prise. 

Compared with the speed at which technologi- 
cal advances have been made in the last twenty 
years, the study of organizational and management 
problems has advanced at the pace of the ox-cart. 
We must bring to our examination of the finan- 
cial, organizational and administrative problems, 
the same enquiring and unprejudiced approach 
which we bring to our scientific problems. The 
obstacles are not all on one side, however, and 
some of our scientists and engineers must learn 
to recognise the importance of business problems. 

I believe that those companies which are 
tackling these difficult organizational and human 
problems will eventually be amply rewarded. 





















































































































































































































































Last month the _ Institution 








of Mechanical 


Engineers met informally to discuss the computer 
in production, and those with actual experience 
in the field were invited to share their knowledge. 


NO FORMAL PAPERS WERE PRESENTED AT A DISCUSSION 
on ‘ The Computer in Production” held at the Institu- 
tion of Mechanical Engineers on 21st March last. There 
were three sessions, each opened with a few short 
remarks by selected speakers, and the general discus- 
sion was then begun. To help remove inhibitions among 
speakers from the floor, the Chairman asked that names 
should not be mentioned in the press. We shall therefore 
identify only the opening speakers. 


The computer field 

The proceedings began with a short talk by Sir 
Christopher Hinton, who thought it probable that we 
should spend several years trying to make engineers 
understand where they ought not to use computers, for 
computers were a tool of engineering and in no way a 
substitute for it. 

Mr. A. W. J. Chisholm took the chair for Session 1, 
which was opened by Mr. Clifford Metcalfe (E.M.I. 
Electronics). From the very earliest days, said Mr. 
Metcalfe, people had been using models to represent 
nature, and sympathetic magic was among the first 
attempts to put models to practical use. Input devices, 
which could read the same documents as could human 
beings, would eventually simplify the preparation of data 
for computers. In a few years’ time managing directors 
might be worried about redundancy in their profession; 
computers could already solve geometrical problems in 
the same time as a school-child. 

‘Should computer services be centralized or decen- 
tralized?’ asked Mr. M. V. Wilkes (Mathematical 
Laboratory, Cambridge University), the second opening 
speaker. Production engineers were used to circum- 
stances which favoured concentration into large units. 
In most such situations the economic advantages of con- 
centration were relatively small, twenty or perhaps ten 
per cent, but in the computer case they were concerned 
with factors of two or three and perhaps as much as ten. 
The arguments for centralizing computer services were 
therefore very strong, and it was not true that a number 
of small computers could do as much work as a large 
one. There were two considerations weighing against 
concentration, fear of over-centralization and the prob- 


102 


We report some of the proceedings below 


Computers applied 


lem of communication. Mr. Wilkes thought the fears 
were perhaps exaggerated. With regard to communi- 
cation problems, they depended entirely on the amount 
of to-ing and fro-ing involved. Computers had their 
‘O.K. words’: last year it was time-sharing, now 
it was data transmission. Many people were talking 
about a transmission of data along telephone lines, and 
the time would come when it would be possible to dial 
the nearest computing centre—dial another if that was 
engaged—and eventually present the problem to an 
available centre. 


Economics and management 


Mr. B. B. Swann (Ferranti) took as his theme the 
economics of computer working. He enunciated an 
empirical rule that the power of a computer, measured 
in terms of speed and storage capacity, was very roughly 
proportional to the square of its cost. It was therefore 
often much quicker and cheaper to run a problem on 
a powerful computer at a service centre. Only after 
some experience had they recognized that many small 
problems could be done on computers. 

The last of the opening quartet in Session 1 was 
Mr. A. E. Taylor (Remington Rand). He was primarily 
interested in the use of computers by management. 
It was often said that binary computers could only 
answer ‘yes’ or ‘no’. But often overlooked was 
the missing answer, for in normal commercial use one 
had not merely ‘ yes’ and ‘ no’, but also * yes, but. . . .’ 
A computer could not learn, although management 
required learning. It was becoming more and more 
possible to write programmes in English. These were 
inserted as instructions to the computer, and were com- 
pletely understandable not only by the computer and 
the programmer but also by management. 


The automatic factory 


The first speaker from the floor described some ex- 
perience at the Royal Ordnance Factory. Their approach 
had been from the concept of the automatic factory, 
which as they saw it had three components, produc- 
tion line, data-transmission system and computer. The 
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automatic production line was the result of mechan- 
ization. It was then possible to supplement the mechan- 
ization by computer-controlled machines, and the day 
would come when production lines would set them- 
selves up as a result of machinations in a computer. 
Whatever the method of setting up the line there had 
to be instruments, counters, gauges and the like mounted 
on one or more panels. Here simple types of computer 
were employed. All previous speakers had referred to 
big computers, but he did not think that the smaller 
type was excluded. A computer was put in to stop the 
line if more than a certain number of rejections occurred 
consecutively. The computer or control brain could be 
set up in the office. After nearly two years of experience 
of such an installation he could say it had paid its way 
from an early date. Developments towards the auto- 
matic factory which they had in mind were built-in 
inspection and feedback, studies of the control panel 
and instruments with a view to standardization, elec- 
tronic identification and counting, and computer-con- 
trolled material issue. 


Process control 


A speaker referred to some interesting developments 
on a sugar-beet plant at Wissington with a very small 
analogue computer. It was an admirably simple device. 
Much could be done in any plant by putting in very 
small computers costing not more than £10 or £20. The 
meeting should not run away with the idea that large 
units were needed. A lot of money was required for 
equipment if it was not spent on brains, but if the 
money were spent on brains then less was needed for 
equipment. It was odd how many people would spend 
money on equipment and then think that they had done 
their duty and could go to worship on Sunday. The key 
to the computer in production was the sensing device, 
and there were not sufficient developments on foot in 
sensing, either in the discrete or in the continuous form. 
Coming back to the economics of computer work, in 
this country we could not afford to spend large sums 
of money on plant which we intended to use only for 
forty hours a week. We should always try to use a com- 
puter for at least 120 or 130 hours per week. If we 
could get it up to 200 hours per week, so much the 
better. We should use our capital equipment. 

A speaker from chemical industry suggested that a 
moderate-sized digital computer, fairly slow, costing 
about £25,000 to £30,000, with not too much peripheral 
equipment, might well serve 29 to 30 engineers. It 
represented an investment of about £1000 a year per 
engineer, which was more expensive than a slide-rule. 
In his experience the engineer of to-day needed this 
£1000 per annum spent on him in order to make his 
work more productive. 


Data processing 
Mr. L. Landon Goodman took the chair for the 


second session and invited Mr. J. A. Goldsmith (part- 
ner, Robson, Morrow & Co.) to begin with an overall 
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survey of data processing problems in production. After 
a few general remarks Mr. Goldsmith quoted the case 
of an electricity company in the U.S. which was just 
now planning to use a computer to switch generators 
on and off according to the load. Here the computer 
would be used completely to control all the power 
stations, and even to feed electricity automatically to 
outlying districts. This was the case of a computer con- 
trolling not only the planning of production, but also 
the correction of a plan, and it was actually operating 
on the shop floor. 

Mr. Goldsmith concluded with an example of a com- 
puter advising management, and he was followed by 
Mr. P. J. Macleod (I.C.T.), who was invited by the 
Chairman to say what he thought about the computer 
going one stage further than advising, and in fact 
taking over. Mr. Macleod’s response to that was abso- 
lute horror. He thought computers had suffered from 
their advance publicity. Many regarded them as enorm- 
ous soulless boxes, doing complicated mathematical cal- 
culations of a kind in which the vast majority of us 
had had only a cringing interest at college. Computers of 
the large mathematical type were not for him or for the 
majority of people who worked with him, or who 
worked in any other factory. ‘ Black box,’ a term which 
had been applied to computers, was a bad term because 
it usually meant magic, and magic meant not only secret 
delights but also some secret failures. You got the idea 
when listening to some conversations about computers 
that they were a sort of ‘Big Brother’ who was watching 
you, and that if your efficiency dropped 1/10 of 1% 
it would tell someone—and what was more, tell someone 
behind your back. That might be a common experience 
in industry, but you did not have to buy a machine 
to do it. Computers were simply machine tools that 
could carry out simple arithmetic very fast. 

Mr. Macleod said he felt that the idea of computer 
planning in a factory was terribly important to British 
industry. He invited the audience to think of their 
desk drawers in their offices. He was sure that nine 
out of ten of them could build fascinating mechanisms 
out of what was in those drawers and on their window- 
sills. He himself could almost build an automatic tele- 
phone exchange with his. All that represented work 
which ought not to have been done. We beefed about 
British industry being unimaginative, he went on, and 
we blamed this on lack of risk capital. He would say 
that, in ten years’ time, when computer control was as 
common as he thought it would be, and when we could 
really make sure that we did not make things unneces- 
sarily or before we actually needed them, then any 
large-scale industry would be able take some of those 
chances which it ought to take—and would have to take 
if we were to survive as an industrial nation. 


Electronic image of the factory 

Mr. R. T. Harrison (1.B.M.) said that computer 
methods based on file processing techniques, although 
a great step forward in speeding up production control, 
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were still far short of the ideal. The greatest benefits 
accrued from use of a computer able to simulate the 
processes of the shop floor by storing all the many 
varied but nevertheless interrelated records internally, 
and able to accept feedback information at random 
to keep such an electronic image of the factory right 
up to date. If it was possible to keep a complete des- 
cription of all factory processes within the computer, 
not only did semi-automatic procedures become prac- 
ticable, but the situation might be examined partly or 
wholly at any moment, and projected into the future so 
that difficulties might be foreseen and guarded against. 
Such a system pre-supposed a computer with a very 
large random access storage, and Mr. Harrison des- 
cribed plants for controlling the production of a 
medium-sized light engineering firm, mass-producing 
electrical appliances. 

Mr. G. D. Royle (English Electric) concluded the 
opening section of Session 2 with a description of the 
real time computer control of a hot saw in a steel mill. 
Mr. Royle showed that on the basis of observed figures 
it was possible to obtain 2 or 3% increase in yield by 
incorporating an electronic computer in the system. The 
increase sounded small, he said, but when it was rea- 
lized that the production of section from one finishing 
stand might be of the order of 100,000 tons of steel a 
year, the ‘small’ increase became significant. 


Small pioneer 

Another contributor felt that his company had been 
to some extent a pioneer in this field since it had been 
using computers for production and stock control for 
just over four years. It was only a small textile firm of 
between 500 and 600 employees, so they could not 
afford long development programmes. Since they were 
still using the computer, the audience could take it that 
it had paid. They had started out by taking one applica- 
tion, the biggest problem—production and stock control 

~and worked on that. They had added a programme for 
the planning of raw-material buying, involving analysis 
of total order-book position. The next stage was to add 
a programme for sales forecasting, which had worked 
out quite successfully this year. By combining the output 
from the sales forecast and the outputs in respect of 
raw material, man-power and machine planning, they 
had been able to make a forecast permitting them to 
take a bit of a chance. They had gone into production 
in the factory at least four weeks before getting suffi- 
cient orders to start in the ordinary way. This would 
give them an 84%, increase in production for the year. 
They were now working on the next stage. This was a 
programme of cost estimating. When they had finished 
that, they intended to produce their accounts also. So 
far they had reached the stage where they could value 
their stock. They could get a complete stock valuation 
within a couple of days of stock-taking, rather than 
three weeks or a month afterwards as before. The com- 
puter was ideal for the pay roll if one had enough em- 
ployees. It was not so good with only 600 employees. 
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However, as long as they were using the computer 
anyway they might just as well spend a few extra 
minutes in doing the pay roll. By constantly working on 
the problem they had reduced their average time (at a 
service centre) from a week to only an hour. This cost 
them something like £25 per week. 


Chipping and butchering 

Session 3, under the chairmanship of Mr. A. W. J. 
Chisholm, was opened by two speakers, Mr. K. Teale 
(Short Bros. & Harland), who discussed the develop. 
ment of numerically controlled machine tools, and Mr. 
C. F. Steventon of British Oxygen Gases, who, with the 
aid of a short film, described a computer-controlled 
flame-profiling machine. 

Answering a question, Mr. Steventon said that as far 
as the ship-building industry was concerned it was a 
great deal easier, because of the size of the profiles, to 
use the digital system. The advantage of this was that 
they could have a programme from ordinary workshop 
drawings. In another reply, Mr. Teale pointed out 
that they only gave a machine a thirty-minute check at 
the beginning of the work. They had found that the 
mechanical side of the machine was far more efficient 
with programme control attached. 

The Chairman thought that many of the audience 
would be interested in a picture of machine shops in 
fifteen years’ time, and invited the speakers to tell them 
how things would look in the jobbing shops for in- 
stance. Mr. Teale answered that he did not anticipate 
differences in the next few years, but tape control was 
a jobbing-shop function and not a mass-production func- 
tion. He thought that they would see more tape machines 
in the shops. 

A speaker added that they had so far kept the 
discussion going very much along the lines of chip pro- 
duction and butchering. Obviously they were interested 
in producing at the lowest possible cost. They could use 
numerical controls on many other machines than those 
which cut and carved. They also had tape-controlled 
welders, tape-controlled transfer lines and tape-controlled 
assembly machines. Most of the problems of manufac- 
ture seemed to occur in assembly. Tape-controlled 
assembly was the answer. It could be used for batch 
production and mass production. 

A speaker rose to express entire disagreement with 
these remarks. It was wrong to say that assembly was 
the source of the trouble. It was possible in any factory 
to obtain very great output providing the stuff was there 
at the right time and in the right quantities. He had 
been surprised to hear an earlier remark that tape-con- 
trolled machines would only come in for jobs with a 
complex profile. He understood that in the U.S. machine 
tools used for quite ordinary jobs were now frequently 
controlled by numerical systems. If labour rates con- 
tinued to go up, then these systems would become more 
economic in the next ten years. 


_A full report of the meeting and the discussion is to be pub 
lished in the Proceedings of the Institution. 
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Last month we showed how servo-mechanisms are 
analysed in two stages, and explained the disadvantages 
of such mathematical analysis. We described the func- 
tioning and the basic units of a computer, and began 
a discussion of transfer functions. At the end of Part 1 
we were considering the voltage control of a main drive 
generator. 


The equations for the generator are 


d¢ Vge™ Exciter volts 
Vop=I1R+N— 
dt I = Generator field current 
: where (R Generator field resistance 
y GEN K¢ 
N Number of turns in field 
and ¢ = f(/) ¢ Flux 


This can be represented by the block diagram shown 
in Fig. 8. 


Voce Voen 









Fig. 8 


The relationship between / and ¢ can be simulated by 
a unit which uses between ten and twenty amplifiers, 
the working range of which is controlled by biased 
diodes. Thus the relationship illustrated in the equations 
can be obtained. It should be noted that in order to 
obtain a signal proportionate to the rate of change of 
generator flux a capacitor feedback will have to be used. 

Amplifier 9 is for obtaining a signal proportionate 
to the rate of change of generator exciter volts, this 
signal being used for stabilizing the exciter voltage 
limit control, which has its reset through amplifier 10. 
Amplifier 11 will provide the necessary dead zone 
characteristic of this control. 

Some curves of the responses obtained with an 
analogue similar to this one are shown in Fig. 9. The 
responses of the various units are shown, and also the 
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Analogue-computer analysis 
of rolling-mill controls 


Very soon the engineer will not consider 
using a mathematical model unless the 
answer is obvious. Not only the very big 
companies, but also many smaller ones will 
come round to this way of doing things 
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effects of too much and too little stabilizing. The three 
different curves of the response of the generator volt- 
age can be obtained in a period of seconds by switch- 
ing resistances in a computer, whereas with a slide rule 
their determination would probably take as many hours. 

If we consider the problem of controlling the elec- 
trodes of a liquid regulator of an Ilgner set we have the 
relationship 






























































_ K(N. — N) 
R 

where 7 is the rotor current, N, synchronous speed, N 
running speed, and R the rotor resistance. In this equa- 
tion there are three variables, and in order to obtain N 
we must be able to form the product of J and R. This 
cannot be done with the basic units of the computer 
but requires two squaring units which will square 
respectively the sum and the difference of J and R. A 
quarter of the difference of the outputs of these units 
will give the required product. This multiplier unit is 
one of the more complicated computer elements. 

Other units can be arranged so that they perform 
switching operations when either a certain portion of 
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Fig. 9 Analogue responses 
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the time cycle has elapsed or when a certain variable 
in the analogue reaches a certain value. The former 
characteristic is useful in analysing servo-mechanisms 
into which relays have been incorporated as amplifiers. 
The latter characteristic can form the analogue of graded 
rheostatic braking. 


Analogue accuracies 


It can be seen from equation 1 that the inaccuracy 
introduced by assuming infinite gain is of the order 


V, V, 
4 










If we have more than one input with associated 
resistances R,,, R,,, Ri; etc. the inaccuracy will be 
1 R, R R, 

4 ha 2 


a en 
ct, a, Te, 


—- xX 100% 
Now K will be of the order of 10‘ at a minimum, and 
obviously it is desirable to keep R, as small as possible 
compared with R,,, R,,, Ri; etc., i.e. the gain should 
be kept as small as possible. Ordinarily the maximum 
number of inputs to any amplifier will be three and the 
gain should be kept below ten. 

With this set-up the inaccuracy of the output would be 


1 
aa + 10 + 10 + 10) X 100% = 0:31% 


DURING THE DESIGN OF A_ LARGE, CONTINUOUSLY 
working plant for making hydrogen peroxide, the mass 
flow round the system was simulated on an electronic 
analogue computer. This application was described in 
a paper read to the Society of Instrument Technology 
last month by A. H. Doveton (E.M.I.) and K. C. W. 
Pedder (Laporte Industries).* The authors concluded 
that it is extremely difficult to attach any concrete 
monetary significance to such an experiment, but they 
were careful to explain what they meant by this appar- 
ently non-committal statement. 

They had no doubt that the analogue technique is 
outstandingly valuable when used on complex control 
problems, adding that it often permits developments 
that would otherwise not be considered. Except in one 
particular case, the researches they had described had 
been concerned not only with specific control problems, 
but with confirmation of performance predictions cover- 
ing the whole plant. The costing of the investigation had 
therefore to account for starting-up delays, shut-downs, 
and losses of liquor or production time that might have 
occurred if no knowledge of plant behaviour had been 


* The Simulation of a Large Chemical Plant on an Electronic Analogue 
Computer,’ read on March 16. 
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. . . from steel to hydrogen peroxide 











From the foregoing results it can be seen that to keep 
the inaccuracies to a minimum the overall gain of the 
servo-mechanism should be distributed over as many 
amplifiers as possible. However, care should be taken 
when moving gains in a system where non-linearities 
exist, as the effect of the non-linearity will normally 
depend on the amplitude of the input, which will depend 
on the positions of the gains in the system. It can gen- 
erally be stated that the effect of inaccuracies in the 
computer will be less than 1%, and since, for the sys- 
tems considered, some of the component characteristics 
are not known to an accuracy greater than 5%, the 
effect of the errors will be negligible. 





Conclusion 


Eventually it will be realized that if there is an equi- 
valence relationship which links long multiplication with 
mathematical models, then that relationship links 
logarithms with digital computers and slide rules with 
analogue computers. No engineer to-day would consider 
using long multiplication unless the answer were obvi- 
ous; he would use logarithms if a high degree of accur- 
acy was required, and for most purposes he would use 
a slide rule. Similarly, very soon the engineer will not 
consider using a mathematical model unless the answer 
is obvious; he will use a digital computer when a high 
degree of accuracy is required, and for most purposes 
he will use an analogue computer. 


Acknowledgment : F ; 
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won during the investigation. It could be said that the 
cost of the computer project had been about 0°1% of 
the cost of the complete plant—roughly one day’s pro- 
duction cost—and in the authors’ opinion the investi- 
gation had been ‘a very realistic investment.’ Indeed, 
as they pointed out, the determination of optimum con- 
troller settings alone could easily repay the whole cost 
of the research, bearing in mind the many interruptions 
and upsets that normally occur during the adjustment 
of controllers on such a chemical plant. 

The authors went on to say that subsequent experi- 
ence gained by the computer industry in process control 
problems has been such that a large portion of the 
costly mathematical preparatory work is no_ longer 
necessary. It has been confidently estimated that a simi- 
lar investigation to-day would cost less than half what 
it did in 1957. 

Finally, the authors suggested (much as Mr. Larkinson 
has done in his Conclusion above), that analogue-com- 
puter technique can, and almost certainly will, become 
widely used—not only by the very large companies with 
highly qualified technical staffs, but also by many smaller 
organizations that now regard such endeavours as be- 
yond them. 
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PART 3 










Load cells in 














In Part 1 (February) we wrote the general equations 
for e.r.s.-gauge load-cells. Analysis of errors due to 
e.r.s. gauges, begun in Part 1, was completed in Part 2 
(last month). We then discussed in detail the errors that 
can arise in design and application. This discussion is 
continued below. 










A commonly accepted value of the output ratio 
Vin/V. (see equation 5) of a load cell is 2mV/V at its 
maximum rated load. When the elastic measuring element 
is machined from a heat-treated steel forging, a stress 
of approximately 20 ton/in*® is required in it at maxi- 
mum load to produce this output ratio. A load cell of 
this type, designed for five tons maximum load, must 
have a measuring column of 0°25 in* (152 mm?) in sec- 
tional area, or a diameter of 0°565 in. (14°1 mm) only. 
In the general case, suppose that a side thrust of P tons 
is imposed on this cell, in which the measuring column 
has a yield stress of Y tons/in*, and the axial force F 
gives rise to a compressive force of r = F/=r*. The load 
cell is considered to be firmly bolted to its foundations. 
The maximum stress in compression and bending at the 
root of the column is then 


















Ph 


4 
o = k,F/xr? + ks —<Y¥ 


ur 
where k, and k, are the stress concentration factors at 
the root of the loaded column, Alternatively 









o = tk, + 2k (h/27 “7 ...(8) 





In a 5-ton-capacity load-cell, practical engineering 
considerations predicate a minimum height of about 
2Sin. (625mm), and the height is usually much 
greater, so that A/2r >4°5. If Y = SO ton/in®; * = 
20 ton/in?, and conservative values are assumed for k, 
and k, at the maximum load, the limiting side thrust 
is less than 0-2 tons. The load cell would, therefore, be 
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In the form of standard packaged units, 
properly installed load-cells give accurate 
results—without need for precise align- 
ment of structure or elaborate foundations 


industrial weighing 


by R. B. SIMS, B.SC., PH.D., M.I.MECH.E., A.INST.P. 
Davy and United Engineering Company Limited 


reasonably accurate since it has a large height-to-dia- 
meter ratio, but it would be capable of withstanding 
only very small side-thrusts. 


Side thrusts 


Side thrust on the elastic measuring element may be 
reduced in various ways. It is possible, for example, to 
build diaphragms into the load cell between the mea- 
suring element and the stiff outer case, but in column- 
type load cells this technique is of limited value, since 
the stiffness of the diaphragm in the horizontal plane 
is limited if linearity in the cell is to be preserved, and 
then the column will usually reach the elastic limit be- 
fore the diaphragm. An alternative technique is to 
absorb the side thrusts by a system of tie rods on the 
structure to which the load cells are fitted. In some 
installations tie rods cannot be avoided in any type of 
cell installation, especially when a large tank is ex- 
posed to heavy wind loads, but tie bars should not be 
relied upon to remove all side thrust, and some residual 
thrust will remain, the magnitude depending on the rela- 
tive stiffmesses, or compliances, of load cell and ties. 
Tie rods are, moreover, relatively expensive to install. 

A sounder approach to the problem is to design the 
load cell to withstand relatively large side-thrusts, and 
to be insensitive to the distribution of the load. Fig. 10 
illustrates the toroidal load cell designed by Newberry 
(11). The measuring element consists of a tube bent 
into the form of a ring, or toroid. Four gauges are 
bonded to the horizontal diameters of the toroid, two 
on the inside diameter which are compressed under 
load, and two on the outer diameter which are stressed 
in tension. The four gauges form a Wheatstone network 
similar to that shown in Fig. 2. The load cell is tech- 
nically and economically sound for load ratings over 
the range 0°5 tons to 200 tons, and possesses a num- 
ber of attractive features. Its height is small, it has a 
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Fig. 10 
Toroidal _load- 
cell designed by 

Newberry 





Oo { 2 3 4 inches 


large loading area so that localized loads do not cause 
cracking, it is almost completely insensitive to the distri- 
bution of load, since the peripheral e.r.s. gauges integrate 
the strain, and, when carefully designed and manufac- 


tured, its output is strictly linear with load. Fig. 11 shows. 


an industrial version of Newberry’s design. The overall 
height for a 1-5-ton-capacity load-cell is only 2°375 in. 
(59-2 mm) and the 50-ton load cell is only 2°75 in. 
(69 mm) in height. The industrial design incorporates 
an ingenious system of internal horizontal struts which 
enables the smallest load-cell to withstand a side thrust 
of three tons and the largest a side thrust of up to 
22 tons without risk of mechanical damage or without 
affecting the measuring accuracy. 

Another design for loads below 100 tons is the Davy- 
United precision load-cell. The design is shown in Fig. 
12 and covers the range from 3-100tons. A section 
of this type of load cell is shown in Fig. 13. Com- 
pletely uniform stress is obtained in the elastic mea- 
suring element by the folded internal construction which 
gives it an effective height/diameter ratio of 15:1. 
Load is applied to the weighing sleeve by a self-align- 
ing push rod, and the sleeve is supported in a massive 


Fig. 11 Industrial version of toroidal load-cell for which a 
Certificate of Intrinsic Safety has been granted 








water-cooled jacket. The element, which is supported 
against side thrust by a system of internal struts simi- 
lar to that used on the toroidal cell, is not only com- 
pletely insensitive to the method of loading (as pre- 
dicted by St. Venant’s Principle), but it is also linear to 
the + 0°02% level at least. Load cells of this design, 
which have inbuilt water cooling, have been used to 
measure jet-engine thrusts to an accuracy of + 10 lb in 
30,000 Ib with long-term stability. 

The toroidal and precision cells will between them 
cover a loading range down to 0°5 tons, but for con- 
veyor-belt weighing it is frequently necessary to mea- 
sure loads as low as 56 lb (25 kg) and there are many 
tank-weighing applications where the loads in the range 
0-2 cwt (0-100 kg) must be measured with accuracy, 
particularly in works laboratories to calibrate flow- 
meters. Two designs are possible, a ring-type load-cell 
as shown diagrammatically in Fig. 6, or a cantilever, 
or a beam. The difficulties associated with the ring de- 
sign have already been discussed, and an accurate in- 
strument is difficult and costly to manufacture. Apart 
from cost considerations, the ring-type load-cell can- 
not be designed to carry side thrusts of more than about 
50-80 Ib. When used on conveyor belts, however, con- 
siderable side thrusts may develop quite suddenly if 
an idler bearing becomes stiff or seizes, imposing a 
heavy drag on the roller and the load cell, and it is 
for this reason that the beam type of cell is preferred. 
The dimensions of the beam may be chosen so that it 
is very stiff indeed in the horizontal plane whilst sen- 
sitive to quite small vertical forces. By a careful choice 
of bridge networks, and by correct design of the beam 


Fig. 12 Davy-United pre- 

cision load-cell, also 

covered by the Certificate 
of Intrinsic Safety 





supports, this type of cell can be made almost com- 
pletely insensitive to the method of loading. The re- 
sulting cell is a rugged instrument capable of withstand- 
ing the arduous conditions in which belt conveyors 
usually work, whilst capable of surprisingly high accur- 
acies, A weighbeam which was built for a flow labora- 
tory (shown in Fig. 14 without its protecting cover), will 
indicate accurately to better than 200g in a total of 
500 kg, over the complete span of its scale, without any 
modification to the standard potentiometric-type indi- 
cator used with it, other than fitting a manually opera- 
ted scale expansion. 

The column type of load cell, shown in Fig. 8 and 
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Fig. 13 Interior of the precision load-cell showing the 


extended stress path 
discussed above, becomes a practical piece of engineer- 
ing when designed for maximum loads of 100 to 2500 
tons. A 100-ton load cell may be derated electrically but 
unchanged mechanically for load ratings between 100 
and 50 tons, when it will give half its rated output. It 
will then carry a side thrust of about 7 tons. For loads 
in excess of 200 tons the column-type load-cell becomes 
the only practical design. The toroidal cell can be 
designed for loading up to 200 tons, but above this load 
manufacture is difficult, and the. precision design 
becomes unwieldy. Fig. 15 shows a Davy-United cell 
of the column type for loads up to 250 tons installed 
beneath the raw meal silos at the cement works of 
Messrs. G. & T. Earle Ltd., at their new Cauldon 
plant. These tanks each have an all-up weight of 1000 
tons and are one of the largest load-cell weighing instal- 
lations. A problem in the design of the tanks to accept 
these cells was to allow for the large wind loads, since 
the tanks are high above the ground in an exposed 
position, and to permit differential thermal movement 
of the tanks and their grillages with respect to the sup- 
porting structure. It was solved by building flexible 
joints at both ends of each cell. This allowed the tank 































Fig. 14 Weighbeam, without its protecting cover 
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to expand and contract when tied rigidly by flexure 
plates against windage. The largest loadmeter which 
has been produced to date is shown in Fig. 16. It is 
designed to measure loads up to 2500 tons in a plate- 
rolling mill, with overloads up to 5000 tons, without 
damage. For metallurgical reasons it represents a close 
approach to a limiting design for the column-type load- 
cell, since in very large cells it becomes difficult to 
ensure a sufficiently high yield stress at the centre of the 
heat treated forging from which the elastic measuring 
element is machined. 


Thermal capacity 

The need for the largest possible thermal capacity in a 
load cell, to ensure as uniform a temperature distribution 
in the gauging zone of the elastic measuring element as 
possible, has already been mentioned under Errors due 
to e.r.s. gauges (page 121, Part 1). There is, of course, 
an upper limit to the mass of metal which can be put 
into a cell, and for smaller cells, up to 250 tons rating 
at least, the thermal capacity may be increased by filling 
the space between the outer casing and the elastic mea- 


Fig. 15 Left, 250-ton heavy-duty cell in place beneath a silo 
Right, Cement-meal silos at Cauldon Works 


suring element with a suitable oil. This brings its design 
problems in sealing the outlet gland, but they may be 
overcome by good design, and the freedom from zero 
drift which the oil filling brings is well worth the extra 
effort and trouble in manufacture. 

When cells are to operate in areas with high ambient 
temperatures, or wherever there is a possibility that they 
may be exposed to radiation from nearby hot bodies, 
the cells should be water-cooled. Fig. 17 shows a water- 
cooled toroidal cell for load ratings from 1-5 to 50 tons. 
An example of the use of water-cooled load-cells is 
given in Fig. 18, which shows liquid iron being poured 
into a ladle from a mixer railcar. The ladle is stood in 
a pit on a weighbridge of 100 tons capacity supported 
on four precision load-cells, one of which is shown in 
Fig. 12. 

Precision load-cells have inbuilt water-cooling not 
only to permit accurate working in high-tempera- 
ture areas, but to keep the elastic measuring element 
as close as possible to 18°C, to bring down errors due 
to change in Young’s modulus, F, to a minimum. 
An average value of the temperature coefficient for 
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Type-D water-cooled toroidal load cell 


Fig. 19 Load cell with thermosetting plastic proofing 


- 


E is 0:04%/°C, and it will be seen from equation 5 
that changes in the elastic modulus will affect the 
ratio V,,/V, and hence the calibration constant, c. A 
precise value of the change in the calibration con- 
stant, c, with temperature (which will also be a func- 
tion of the corresponding dimensional changes in the 
load cell) has not been determined experimentally, but 
relatively approximate measurements indicate that the 
effect of temperature is considerably less than the theo- 
retical value (/2). Nonetheless, when measurements are 
to be made to + 0°05% or better, the error should be 
eliminated by water cooling. 


Water-proofing 

One of the greatest difficulties in applying e.r.s.-gauge 
techniques to stress analysis and to load cells, has been 
to protect them from contamination by water and water 
vapour. An e.r.s. gauge must be dry to keep its insula- 
tion resistance to the metal to which it is bonded above 
100 MQ. A low insulation-resistance quickly leads to 
corrosive attack of the gauge wires, and failure. One of 
the earliest proofing techniques for load cells was to fill 
the space between the e.r.s. gauges and the outer case 
with Dijell, a soft wax-like substance, but this was never 
successful for long on its own. Tannahill (/3) subse- 
quently suggested an elaborate proofing, and a rubber 
bonding suggested by Sims and Morley (/4) is also suc- 
cessful until the natural rubber, which may be protected 
additionally with Neoprene paint, fails. Other forms of 
rubber proofing have not been successful, for similar 
reasons. A simpler and far cheaper technique is to 
encase the gauges in thermosetting plastic as shown in 
Fig. 19. Gauges have been used in oil and in water for 
months in experimental stress analysis with proofing of 
this type without failure. 


Installation 

No discussion on load-cell engineering would be com- 
plete without mention of installation requirements. By 
far the commonest application of load cells is tank 
weighing. The tank should be supported on three cells 
wherever possible. A single suspension is possible for 
smaller tanks, and Fig. 20 shows a toroidal cell with an 
axial hole specially designed for this duty. The seating 
of the suspension rod must be self-aligning in the cell, 
and the tank itself fitted with stay wires to prevent it 
swaying in the wind or when struck. A tank may also 
be supported on two universal joints and one load-cell, 
or two cells and a rotational pivot. Both systems then 
approximate to a tank supported on a system of knife 
edges and a weigh-bar. The objection to the system is 
that the entire calibration must be carried out on site 
after installation (instead of merely carrying out a check 
calibration, which is all that is required when using 
three cells), and errors, particularly non-linearities, are 
inevitable if the co-ordinates in the horizontal plane of 
the centre of gravity of the tank and its contents vary 
as the tank is filled and emptied. In such arrange 
ments, therefore, the tank must be a piece of precision 
engineering if reasonable accuracy is to be achieved, 
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Fig. 20 Type-] toroidal 


load-cell |F 





and the supports must be specially designed and accur- 
ately machined. Generally speaking such a system is 
not suitable for weighing powders, since the location 
of the centre of gravity of the loaded tank is then very 
erratic. Such custom-built arrangements are more costly 
and usually less accurate than three-point suspension 
of a tank using standard cells which are batch-pro- 
duced to close limits and are of high inherent accuracy. 

A tank is usually lightly constructed, and will deflect 
elastically as it is loaded. It may also become warm by 
exposure to the sun and will change its temperature 
when filled with cold or hot substances. The tank must, 
therefore, be able to move freely with respect to the 
load cells which support it, otherwise large restraints 
will be set up between the structure and the cells, which 
will damage them. A three-cell system is preferable 
since the system is then statically determinate, but four 
cells, a statically indeterminate system, may be used if 
carefully installed. The tank should be supported kine- 
matically, i.e. it should be restrained from all move- 
ments in the horizontal plane except those due to revers- 
ible thermal or elastic displacements. Fig. 21 shows a 
toroidal load-cell fitted with a standard self-aligning 
cap arranged as part of such a kinematic suspension. In 
this arrangement the load cell must be capable of with- 
standing large side thrusts, since the thermal and elastic 
distortions must inevitably place heavy horizontal loads 
on the equipment as the tank moves over the cells. 
Only when side thrusts are large due to windage or 
other operating conditions should it be necessary to 
use tie rods, and then they must be arranged to give 
adequate support in the horizontal plane without caus- 
ing measuring inaccuracies. 

Shock loading on load cells must always be avoided, 
since they are rigid, and have a fast response to loading. 
Most cells are designed to withstand relatively small 
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Fig. 21 Toroidal cell, with self-aligning cap, beneath hopper 





Fig. 22 60-ton scale-car for steelworks, with shock absorbers 


overloads, and although toroidal cells as shown in 
Fig. 11 are capable of 50% overload at least, and 
usually 100% overload, this may be easily exceeded 
under conditions of impact loading unless shock ab- 
sorbers are fitted. Fig. 22 shows a large scale-car in a 
steelworks, mounted on load cells one of which is shown 
in Fig. 21. The all-up weight of a full basket is eighty 
tons, and the unit is designed to weigh sixty tons of 
scrap to an accuracy better than + 03%. Shock ab- 
sorbers are fitted in this case since the loaded basket 
may be dropped on the cells. The illustration shows the 
40-ton-capacity load-cells with their self-aligning caps, 
mounted beneath a sub-frame on shock absorbers, to- 
gether with the tie rods to take up the heavy side-loads 
imposed on the system as the heavy basket is dumped 
by overhead crane on the frame. 

It will be seen from the above discussion on load- 
cell engineering that these instruments are an attractive 
solution to all tank-weighing problems, and to certain 
weighbridge problems. From the mechanical engineer’s 
point of view they have the advantage of being a 
standard packaged unit of precision weighing, which 
when properly installed into a fabricated structure will 
give accurate results immediately. Precise machining 
and lining up of the structure, and elaborate founda- 


tions are all avoided. To be continued 










































Long-term reliability is one 
of the most important con- 
siderations in industry, and a 
radio-active source cannot fail 


Nucleonic measurement 


of level 


by E. W. JONES, B.Sc., A.INST.P. 
Isotope Developments Ltd. 


Last month we described and illustrated the basic com- A cobalt-60 source decays by 1% in about 24 days, 
ponents and their different possible arrangements. Then and a caesium-137 source in about six months, so that 
we began a discussion of factors influencing the choice regular one-point calibration checks are necessary 
of source. 


100 


For larger industrial vessels, gamma-ray sources are 
most commonly used. The attenuation of gamma radia- 
tion in passing through absorbing materials is given by: 

I,/ 1 = exp( 2 pt) 

where /, is the intensity before absorption, /, is the Le 
intensity after passing through a thickness tf cm and yp 3 
is the total absorption coefficient. This varies with : 
gamma-ray energy and also with the atomic composi- = 
tion of the absorber, as shown in Fig. 8. However, for $ 
energies of about 1 MeV the values of » are approxi- S 4 
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° 
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20 









Fig. 8 Variation 
in total absorp- 
tion coefficient 
with energy of 
gamma radiation 





mately proportional to the density of the absorbers, so 
that the absorption is, for practical purposes, a func- 
tion of the weight of material per unit area interposed 
in the gamma beam. 

The intensity received by the detector will also vary 
with its distance R from the source according to the 
law I « 1/R?. 

The most commonly used gamma emitters for level 
measurement are the radio-isotopes : 

1. Cobalt-60: half-life 5-3 years, gamma energies 0-2 

1-17 and 1-33 MeV; 

2. Barium-137 in equilibrium with caesium-137: O-! 

half-life 33 years, gamma energy 0-66 MeV. 















0-4 i 2 4 
Gamma energy, MeV 
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Installation for control of molten glass level in a feeder for 
bottle manufacture 







except for on-off level controllers. The table below 
shows the source strengths required for on-off control 
on vessels of various dimensions. 




















Detector 


The radiation detector is usually a halogen-quenched 
Geiger-Miiller tube, since it operates at low voltage, is 
rugged, has characteristics that are stable over a very 
long period, and does not require complex circuitry. Its 
efficiency for beta particles is high, but its efficiency for 
gamma rays (1-2%) leaves much to be desired. Tem- 
perature rating is from - 55 to + 70°C, so that the 
detector may be operated in the vicinity of many indus- 
trial processes without artificial cooling. 

For each quantum of radiation detected, the G.-M.- 
tube circuit delivers a voltage pulse, so the radiation 
intensity is measured in terms of pulse-rate or ‘ counts’ 













DISTANCE. (FT) 
SOURCE / DETECTOR : a 2 fbf See te ao 


Co-60 1 1 3 10 10 20 40 80 


Source of strengths in millicuries 




















} in. 








Cs-137 2 4 10 30 40 90 160 360 











Co-60 1 2 5 20 20 40 80 160 
14 in. 


Cs-137. 10 20 40 100 160 360 — — 














Co-60 2 4 10 30 40 80150 — 
24 in. 








Cs-137 30 601600 — — — — — 


















Total wall- 
thickness Co-60 3 10 20 50 70 — — -- 
(in terms 3in. 
of steel) Cs-137 100230 — — — — — — 
Co-60 20 30 70180 — — — — 
4} in. 
Cs-137 - 
Co--60 30 50150 — — — — — 
54 in. 
Cs-137 ee er eee 
Co-60 50100 — — — — — — 
6 in. 





ON ee ee ee ee 


N.B.—In each case, radiation through empty container is less 
than one tolerance at detector (calculated for each source strength 
and each application). 
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per second. The maximum rate for halogen-quenched 
tubes is about 1000-2000 count/s, but they are nor- 
mally operated at less than 200 count/s. 


Electronic unit 


The electronic unit therefore usually takes the form 
of a ratemeter circuit, comprising a pulse-former, diode 
pump and output valve. The first section ensures that 
the voltage pulses are of uniform amplitude and dura- 
tion, the second averages their charge continuously to 
give a direct voltage proportional to pulse-rate, and the 
last section amplifies this voltage, or converts it to a 
current which may be displayed, recorded, or used to 
operate a relay. Fig. 9 shows a simplified circuit 
diagram. 

Owing to the random nature of radio-active emissions, 
the fluctuating detector-signal has a standard deviation 
related to the square root of the number of pulses 


PULSE FORMER 


DIODE PUMP OUTPUT CIRCUIT 


Fig. 9 Simplified circuit of pulse ratemeter 


received during the averaging time of the rate-meter. 
Fluctuation can be made negligible in the output 
current of the instrument by choosing a sufficiently 
long averaging time, but this affects the speed of 
response to sudden level-changes in the vessel. 

For simple on-off systems a rate of 30 count/s with 
an averaging time of 8s gives a signal fluctuation of 
about + 7% while the change in signal for control 
action is usually of the order of 80% or more. The 
averaging or response time is easily adjusted by chang- 
ing a capacitor in the circuit. 

For more accurate, continuous, level-indication, 
somewhat higher count-rates are used, and the averag- 
ing time is usually of the order of 40-80 so that statis- 


tical fluctuations are not apparent on output-recorder 
charts. 


Reliability 

Long-term reliability is one of the most important 
considerations in the design of industrial indicating and 
control equipment. So far as the radio-active source is 
concerned in a nucleonic level-measuring equipment, it 


can be said for all practical purposes that this cannot 
fail. There is no way in which the radiation can sud- 
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denly cease in the way that a light source might. The 
radio-activity decays at a known rate, and provided that 
due allowance is made for this, and the sources are 
changed at the appropriate intervals, there should be 
no possibility of failure of the radiation. 

The detection equipment depends for reliability on 
the correct design of ratemeter and amplifier circuits. 
The Geiger-Miiller counter itself, if a well-made halo- 
gen-quenched tube, will be at least as reliable as, and 
probably far more reliable than, any valves in the 
circuit, and should operate for several years without 
attention. The circuit must therefore consist of reliable 
components, and should be arranged so that any deteri- 
oration or failure of components will not lead to an 
incorrect result, but will give some warning. There is 
one important aspect of nucleonic gauges—that which 
makes it possible to provide a fail-safe system. No 
matter what level conditions exist in the vessel, there 
should always be a small background signal at the 
detector, due to cosmic rays and other natural radia- 
tion. It can be arranged that a relay is kept energized 
by this background signal, so that any failure of the 
detector or its associated electronics, leading to com- 
plete absence of signal, causes the relay to drop out and 
thus actuate safety circuits or alarms. 


Safety 


In considering the question of safety in conjunction 
with radio-active sources installed in industrial plant, 
two types of hazard must usually be taken into account. 

First, there is the possibility of ingestion or con- 
tamination if radio-active materials escape from the 
source container. This risk can be eliminated if stan- 
dard radiographic-source capsules are used, as supplied 
by the Atomic Energy Research Establishment, Har- 
well, or the Radiochemical Centre, Amersham. These 
capsules are carefully sealed so that there is no risk 
of the radio-active material escaping, and the pellet 
itself is then housed in a light-alloy source-holder and 
provided with a tag which carries a serial number for 
identification. The tag may be used for securing the 
source in its lead housing. It is important to note that 
radiation from the source holder cannot produce any 
secondary radio-activity and, in fact, produces no 
detectable effects in the material within the vessel, in 
the vessel walls, or in other material subjected to the 
radiation. 

Secondly, there is the hazard due to direct exposure 
of the body to external gamma radiation. This has been 
dealt with in special recommendations made by the 
International Commission on Radiological Protection 
and endorsed in the Factories (Ionizing Radiations) 
Special Regulations, which are currently published in 
the form of a preliminary draft only. The recommen- 
dations lay down a maximum permissible level (m.p.1.) 
for gamma-ray dose to be received in any thirteen- 
week period by persons who may be exposed to radia- 
tions in the course of their work. Assuming a forty- 
hour working week, the m.p.l. works out at 2-5 mr/h. 
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Obviously all steps should be taken to ensure that the 





actual dose received is well below this maximum. 

A dose rate of 2‘5mr/h corresponds to about 250 
count/s in a typical Geiger-Miiller-counter tube for 
gamma rays from Co-60 or Cs-137. A level detector or 
indicator can therefore operate satisfactorily at this 
level, or lower. For this reason it is good practice to 
design installations so that persons cannot expose them- 
selves to the beam emerging from a source holder at 
distances less than that of the detector site. In this way 
the detector itself serves as a monitor of the radiation 
in the emergent beam. The source holder can be built 
to give adequate protection in all directions except that 
in which the beam emerges. Fig. 10 is a schematic plan 
of an installation showing that, under good instal- 
lation conditions, operators cannot be exposed to more 


Less than 1-5 mr/h 





Fig. 10 Specified 
limits of radiation 
near tank with 
gamma-ray _level- 
detector 


Less than 
2-5 mr/h 
than the maximum permissible level of radiation, if 
they remain outside the vessel. It may be necessary 
from time to time for personnel to enter the vessel for 
cleaning and maintenance, and the source holder must 
therefore be provided with a shutter which can cut off 
the beam and give adequate protection in the forward 
direction. Such shutters are usually built into large 
source holders, and operated by a handle fitted with a 
lock on the rear of the source holder. The lead required 
to shield the radio-active source may be up to 4in. 
thick, so the source holders may weigh up to 180 Ib. It 
is standard practice for these source holders to be 
painted in bright orange or yellow, and to be fitted with 
a standard warning label indicating that they contain 
radio-active materials and should not be tampered with. 


Conclusion 


Gamma-ray level-gauges are already regarded as 
standard equipment for many industrial processes, par- 
ticularly the measurement of molten glass in_ the 
moulded-glass-container industry, and fully automatic 
control systems are becoming available. In many other 
processes where the gamma-ray method is being evalua- 
ted in comparison with existing systems it would appear 
that, since complete radiation safety can usually be 
attained, the main disadvantage is in the relatively high 
cost of the equipment. Its most important role may 
therefore be for plant where simplicity of installation 
procedure and easy accessibility give an appreciable 
economic saving. 
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In February we considered the missile applications of 
electro-hydraulic systems and stated the basic properties 
of the hydraulic servo-mechanisms used. Last month 
we continued from Part 1 our account of components, 
and gave a general treatment of all currently used relays, 
motors and pilot-stage transducers. Below, we go on 
with our study of components. 


The servo-valve 


The servo-valve—that is, the combination of valve 
and torque motor— is the main power amplifier in the 
system and the key to most of its control problems. 

Taken over Western missiles as a whole, the output 
end is almost always a spool valve, a form which is 
well tried and in some ways ideal. Indeed, in terms of 
numbers made and attainable performance it must count 
as the most successful. Other forms are in use however, 
as Fig. 4 shows. The use of an intermediate hydraulic 
preamplifier, of the flapper and nozzle type, between 
torque motor and main spool is now predominant in 
the U.S., although not in this country. It is perhaps 
not yet truly superior in all respects to the alternatives. 
From the aspects of size, weight, simplicity, ruggedness 
and ease of energization it shows a marked advantage. 
But it still has a susceptibility to null shift (giving the 
equivalent of d.c. drift), and to vibration, and a rather 
high neutral leakage. These problems are difficult to 
overcome but great advances have recently been made. 
Meanwhile, if careful examination of the system’s suita- 
bility in any given case is still desirable, its adoption 
will nevertheless usually be found practicable. It is the 
only type in large-scale production in the United States. 

What constitutes the transfer function of servo-valves 
is an often confused question. This largely comes about 
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Fluid flow through an opening is proportional 


to the square root of pressure drop, but the 


Hydraulic servos 











effects of non-linearity are not too serious 


with electrically signalled control valves 






by P. D. BOYER, s.sc. 
English Electric Aviation Ltd. 


because the true t.f. is difficult to measure. Frequently, 
the response quoted in technical sales publications is 
in fact the velocity of an unloaded oil motor or actuator 
versus the input signal to the valve. This makes for a 
conservative claim but one liable to differ from one 
test’ rig to another: and conservatism in estimates of 
natural frequency does not necessarily promote servo 
stability. The true response is bound to be modified 
by friction and inertia in the oil-motor, and if the servo- 
valve has a high natural frequency, compressibility, oil 
inertia and organ-pipe effects may all come into the 
picture (2, 3). 

Now these effects are not inherent in the valve but 
are part of the transfer function of the piping installa- 
tion and the actuator. The true no-load flow response 
of a servo-valve is Q,,/i. The response of x/i, taken 
with the valve working but short-circuited with a very 
short pipe, is as near as one can get to this function 
with present-day transducers. 

If the flow-displacement relation is linear, with slope 
(8Qm/2x)e,, = k, then the amplitude ratio x/i must of 
course be multiplied by k to obtain Q,,/i. If the Qn-x 
curve is non-linear the problem takes on a completely 
different aspect and the response is best considered 
in two parts, one being the linear part x/i. The other, 
Q../x, is best treated by the describing-fuction method, 
(4). However, unless such a characteristic is definitely a 
requirement, such non-linearity is nowadays largely 
avoidable. 


The square-root law 


The no-load flow response discussed above is applic- 
able when there is negligible pressure-drop across the 
load. This is a rather special case, however. 





Fig. 4a Dowty-Moog 
servo-valve series 
22. Maximum flows 
up to 10gal/min. 
Working pressures 
up to 4000 Ib/in? 


The available pressure drop from the supply line at 
P. to the exhaust line at P. is divided between motor 
pressure drop, P,,, and valve drop, P.—P.-P,,. The drop 
across any given active orifice in the valve is $ (P,—P.- 
P,,). It is fairly well known that hydraulic valves are 
governed by the square-root law of flow versus pres- 
sure drop, in this case taking the form: 


2. —_ Cawx(:) {4(P.-P.-Pn)}! (35) 


How is this effect to be taken care of? 

One method, in effect the small-perturbation method 
(5), is to consider the response to a small sinusoidal 
variation in i. The current signal is thus thought of as 
made up of a constant d.c. signal i and a small a.c. sig- 


nal i. The standard relation of partial differentiation 
theory, viz. 


dOm = (0Qm/OPm)sdPm + (CQm/2x)p,dx (36) 


is applied at a particular working point (Q,,,Pm,x) for 
which the derivatives 


(0Qm/OPm)x =o and (6Q,,/0x)p,, = k (say) (37) 


Fig. 4b Ferranti jet valve used in Bloodhound. Askania-type 

nozzle directs jet into holes E or F. These communicate 

with jack. Velocity head of fluid is recovered as pressure 
head to actuate jack 


i ' xe Inlet orifice 
adjustment 
a 


Le | 
4 | Pressure monitoring 


point 
Armature Drain (H) 
Unitor socket 


Fixed jet assembly 


Coil assembly 


E and F holes 


Moving 
nozzle § a Recovery block 
(c) 


are known. If the resultant variations in Q,,, Pm, and x 
aFe GmsPm, and x, then from eq. 36 
Gin =OPm + kx (38) 
This must be combined with the equations for valve 
response: 
x/i = x/i = F(jw) say, (39) 
the actuator torque equation 
PmDm _ Mv”~ + By’, + Cito (40) 
and the actuator flow equation 
Gm = Dmip’o + (V/2K)p'm (41) 


For an explanation of the second term of the r.h.s., if 
needed, see the passage following, on the subject of 
actuators. ¥ is the resultant small variation in 45. These 
equations give 
Dul’o + (V/2KDn My") + By’, +Ciy’,) = 
(o/Dn)(My’"o + Bu’o + Cyto) + KF(jo)i_ (42) 
or 
{((VM/2KD,,)p* + (VB/2KD,,) — (eM/D,.)\p? + 
[Din + VC,/2KDm) — (GB/Dx)p — (0C,/Dm)} vo 
= ikF(jo) (43) 
There is of course a specific solution for each working 


_-Permanent 
magnet 


Armature spring 
(and fulcrum) 


Non-magnetic 
barrier 


Fixed 
orifice 


Variable 
orifice 
Null 


Fig. 4c Vickers Spacemaster servo-valve. Maximum flows up 
to 1I2gal/min at 1000!b/in?. Working pressures up to 
3000 Ib/in?. Weight 8} oz 
point. Such complication could usually be avoided how- 

ever, as will be shown. 


Magnitude of the pressure non-linearity 


Hydraulic servos are often spoken of as very nom 
linear precisely because of this square-root law of flow 
versus pressure and its supposedly inevitable effects. 
The latter are real enough in valves with a mechanical 
input of high reverse stiffness, that is, when the motion 
of the valve driver is virtually irresistible so far as its 
working loads are concerned. But in electrically-sig- 
nalled control valves this is not often the case, and 
the effects need not be as bad as is sometime assumed. 

Fig. 5 shows a plot of flow versus pressure for a 
four-way servo-valve at different openings, to whieh 
the square-root law—as is usual—applies very accu 
ately. On such a graph a sinusoidal output motion is 
represented by an ellipse, provided friction and other 
non-linear loads are ignored. In the present case sup 
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Top platen 
Operating sleeve 
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Scale (inches) 
lo Ca 
Fig. 4d(i) General arrangement of Fairey servo-valve 


pose that we have a flow equation (as discussed in 
detail later under Hydraulic actuators) as follows: 


Qn = DnO’o + (V/2K)P’ m (44) 
and a torque equation: 

PnDm = M0”, + BO’, + C,9, (45) 
If 0, = Osinot (46) 


then Q,, and P,, are both of the form Xcoswt + Ysinof, 
i.e., sinusoidal in form and of the same frequency, so 
that the Q,,-P,, curve is an ellipse. 

A broad ellipse implies a high power output and 
greater efficiency than a narrow one, but it is usually 
necessary in high-performance servos to accept some 
limitations here, for the sake of the greater linearity 
which, as will be seen, is conferred by the narrow 
ellipse. 

Fig. 6 shows the ideal flow calibration curve for the 
valve of Fig. 5 (full line), taken with a constant pres- 


Fig. 4d(ii) Dismantled Fairey servo-valve. Maximum flow 
up to 1-8 gal/min. Working pressure up to 4000 Ib/in2 
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sure drop across the ports of P,/2, P. being assumed 
zero like P,,. Under load, the working relationship be- 
tween flow and displacement is shown by the dotted 
lines, which were derived from the intersections in 
Fig. 5.* 

This form of graph illustrates the non-linearity in the 
way most readily appreciated and shows that the effect 
is not very marked as long as Pn, /Ps does not ex- 
ceed */;. Coombes (6), has suggested, by reference to 


























Pamex/ Ps=1/5 + 
Pamex! Pa=!/3-7— 









































































































Fig. 5 Flow plotted against jack pressure-drop for a four- 
way servo-valve at various openings. Superimposed on the 
graph are ellipses representing sinusoidal motion of the 
jack against various inertias 


the corresponding valve position wave-forms, that 
Prm,,,,/Ps can be allowed to reach $ without noticeable 
effect. 

These criteria can only apply to sinusoidal signals, 
of course. During a step response, the working point 
on Fig. 5 moves out to the point U and then (initially) 
along the appropriate line of constant opening (Xmax if 
the change in input exceeds the saturation error) before 
spiralling in towards the point of equilibrium. A solu- 
tion for the unsaturated case is given by Turnbull in 
(7). A suitable introduction to the phase plane tech- 
niques employed in that paper is to be found in (8). 
Treatments such as these, while valuable, are extremely 
cumbersome and expensive to apply. 

A rule-of-thumb limiting P,,/P; in the sinusoidal 


* An interesting aspect of these curves is that they demonstrate a hysteresis, 
which imparts energy to the spool. This can result in oscillations (2) although, 
except in very-long-stem valves, these do not seem to have troubled many users. 

The effect of friction in the actuator is readily embodied. It takes the form 
of a direc’ lateral displacement of the halves of the ellipse in Fig. 5, the upper 
halt to the right, the lower half to the left, Transposition of the revised points 
into the form of Fig. 6 shows surprisingly little influence on the latter. 
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case to about 4 is now quite widely used. In the g.w. 
industry’s early years such wide variations as 1/10 
and % were common and some wing and fin servos 
are still designed, of necessity, to permit Pm, = Ps. 
The ratio governs the jack design, e.g., for a rectilinear 
ram 

AP, = maximum specified load 
and A should be decided accordingly. 

Thus, given a suitable jack design, the square-root 
law promotes only mild non-linearity under normal 
working conditions and when it does offend, actuator 
force or torque saturation is already imminent. Yet 
even this degree of non-linearity is easily avoided since 
the variation of flow with pressure does not, or need 
not, fully materialize in most systems. The output stage 
of the vast majority of servo-valves is a spool valve and 
this normally develops a force due to flow reaction (9, 
10, 11). The flow force is usually equivalent to a fairly 
linear spring with stiffness proportional to the orifice 
pressure-drop, 4(P.—P.—P,,) or P,. Indirectly this has the 
effect of reducing the pressure gain variation to a very 
marked degree, as shown below. 





Pmrmax/ Ps=1/S 
Prax! Ps=1/3 
Prrmox / Ps=1/2 


z 
< 
> 

G| 2° | 
> Pmmax/ Ps = 1/2 only. 
2 Others omitted fore 
vo . 4 

clarity | 
—O-5 


+—+—+—+4—+ 


—{I-O 
-1-O 


Fig. 6 Magnitude of non-linearity from the pressure load 

effects in servo-valves where Qm & \V Py at constant signal 

current. This ocurs, for example, when the hydrodynamic 
reactions (‘ Bernoulli’ forces) are eliminated 


2V(Py Pe) 
R+P. 


| || +24% tolerance on gain | 





+5% tolerance on gain variation with Py 
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+ e | 
variation with P, 
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O° Pe 2P. 3P, 
Working valve orifice pressure-drop R,=5(P,-P.—-P,) 
(in symmetrical 4-way valve) in terms of ref. pressure P, 
(the p.d for optimum compensation) 





Flow at ahy working pressure-drop 
Flow at reference pressure-drop 


Fig. 7 Variation of flow with valve pressure-drop, in valve 
with simple compensation 
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Pressure compensation 


The majority of servo-valves are driven by a motor 
or first stage giving a force output on the spool linear 
with current and displacement. Fig. 3 shows typical 
torque, current, displacement curves for a torque motor, 
Superimposed on it are the load lines corresponding 
to the flow reaction forces in a four-way valve at various 
operating pressures. At one particular pressure, when 
the flow-force stiffness is half the total valve-and-torque 
motor stiffness, inclusive of any mechanical spring, full 
pressure compensation is achieved.* This, briefly, is 
because at any given input current the tendency to rising 
flow due to rising pressure is cancelled by the fall in 
displacement due to rising load line. Over the full pres- 
sure range the resulting variation in gain is shown in 
Fig. 7. 

P. is the optimum working pressure for any given 
electromechanical stiffness. It is clear that the latitude 
in choice of working pressure is large and that, if any- 
thing, it would be better to make the working mean 
value of P, higher than the optimum. However, if P, 
is already fixed and found to give a ‘flow stiffness’ 
less than the stiffness of the torque motor, the non- 
linearity at working pressure drops below the optimum 
is not so bad as to justify lowering the torque-motor 
stiffness and natural frequency. 

With such pressure compensation the flow equation is 


Om on alF (jo) (47) 
and this, together with eqs. 44 and 45 gives 
O, aF(j 
“aes VM ¢ a - camiinoeceenes 
J B C, , 2KD,,? 
2KD M M VM 


and the system is linear even for quite large excursions. 

The flow reaction forces are large enough to limit 
most linear high-pressure single-stage servo-valves to 
about 2 or 3 gal/min using the available torque motors. 
Even two-stage valves become difficult to drive above 
10 gal/min without quite powerful first stages. If high 
flows are the most important consideration then several 
methods are available for reducing flow forces. Lee and 
Blackburn’s method is very effective (9) but expensive 
and difficuit to embody, and it leaves some residual 
spring stiffness near the origin as an unwelcome force 
non-linearity. Its most successful production forms are 
probably to be found in the Midwestern, Oilgear and 
Hobson servo-valves. 

Lee’s arrangement in (24) is applicable to a valve type 
which, despite early promise, does not yet seem to 
have met with much success in production, Turnbull’s 
method (/2) while inexpensive and permitting a useful 
stiffening of the spool, accepts not only the sacrifice 
of some flow non-linearity but also a considerable and 
awkward spring-stiffness variation. Servo-valves of the 
R.A.E./R.T.V.1 type (Fig. 8a) give considerable reduc- 
tion in force at large flows but also leave a residual 
force non-linearity near the origin. For these reasons, 





*That is, (CQm/dPy)i is zero. 
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Fig. 8a Hobson servo-unit Type 139. Working pressures 
1000-4000 Ib/in?. Torque output up to 15 Ib ft 


during the development of many valves, flow-force 
reduction has been abandoned at an early stage to the 
great advantage of both performance and analysis. 


Power saturation 


Reverting for a moment to the load ellipse, Fig. 5, 
it can be seen that saturation sets in when the ellipse 
touches the curve corresponding to maximum valve 
opening. It is in fact power (D,,P,,9’) saturation. In 
limiting cases this becomes velocity or acceleration 
saturation. A treatment of the general case is given in 
(13), taking account of oil compressibilty. 


Hydraulic actuators 


All conventional types are to be found in missiles. 
Some examples are shown in Fig. 8. The rotary pat- 
terns have the advantage of inherent backlash elimina- 
tion. All except the vane motor suffer from marked 
Coulomb friction. Usually relatively little viscous fric- 
tion is present. The Coulomb friction is most severe 
when Neoprene seals are fitted, but, rather surprisingly, 
the stiction and dynamic friction are not usually very 
different. A typical value for the pressure drop neces- 
sary to overcome friction would be 30% P.. At best 
this can be reduced to 10% P,. 

Since oil is compressible, the oil and actuator load 
form a mass and spring system. The stiffness of the oil 
in each cylinder is derived from the relation for the 
bulk modulus of a fluid. 

‘id V.dP 


K = ——_ 49 
dV —" 


and the stiffness equation for the actuator 


dF _AdP_ A?dP T_ARAP_A*.R?. 
dF _ AAP _A*AP Gp AT_ARAP_A*R*AP (5 
d odio w do dé dV 
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ia +—Supply 


my~—Exhaust 

Supply 
Maximum pressure in actuator 3000 Ib/in? 
End area of cylindrical ram 0:25 in? 
Crank radius 0-75 in 


Displacement per radian on drive side 2X 0-75 XO-25 = 0-375 in® 
Displacement per radian on pre-load side 0-75 X 0-25 = 0-1875 in? 
Actuator travel +60° 


Mean trapped volume on drive side 7 cm? 


Fig. 8b Elliott test actuator and B603R servo-valve. Three- 
or four-way, = 60°. Maximum pressure 3000 Ib/in?. Stalling 
torque 560 lb in. Typical performance figures for a closed- 
loop system using the components shown: supply pressure 
1000 Ib/in?, exhaust pressure 10-80 |b/in?, control pressure 
for equilbrium 500 Ib/in?, control pressure to move actuator 
against Coulomb friction (with perceptible dither) 575-425 
Ib/in?, stall torque 187 |b/in?, actuator pick-off excitation 
36V (r.m.s.) 2400 c/s, maximum valve flow Sin*/s, maxi- 
mum angular shaft rate 13 rad/s, neutral leakage 2 cm*/s, 
load 32lbin?, velocity constant with shaping 300 ditto 
without shaping 150-200, low-frequency phase lag per c/s 
12°, rest accuracy better than 1’, minimum amplitude for 
sinusoidal following < 4’ observed 


Fig. 8c Vickers 
hydraulic motor. 
Weights down to 
2-61b, maximum 
speeds up to 9000 
rev/min, working 
pressures up to 4500 
Ib/in? 





As an example, if there is no other mechanical spring 
involved (C, = 0), the undamped natural circular fre- 
quency of an equal-sided rotary actuator, when in its 
central position, is given by 


Stiffness \* 2K A? ‘R? t 
%. = ( See enn 
Inertia “(ARB mnax + v)M 
It is a primary design point to minimize the parasitic 
interconnexion volume v, and so we have 
Q, « (AR)', ie. « (Dn)! 
Given that v = 0 the natural frequency of the same 
actuator in the general positional case is 


"a 4 4 
in (=) | “| (52) 
M Pas 6? PY} 


Variable hydraulic stiffness is seen to be another non- 
linearity and is significant at large look-out angles or fin 
displacements. 

At low frequencies the change in oil volume (dV) 
and density due to compressibility do not achieve very 
significant values in hydraulic servos. However, the rate 





of change at high frequencies certainly does. From 
equation 49 comes 
V V 
= OE: 20 om = (53) 
dt K dt 


Oil entering an actuator cylinder head must top up the 
volume lost in compression in addition to displacing 
the piston. Thus, equating flow rates 


. ; ; V 
Q. = (Piston area X piston velocity) + — - £ (54) 


K dt 


To be continued 
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The authors see a trend toward digital electronics, 
and describe an integration-based method which 
can be used for synthesis of non-linear functions 


Digital and hybrid 


sumulation techniques 


by R. J. A. PAUL, B.sc.(ENG.), A.M.I.E.E., A.M.1.MECH.E. 


College of Aeronautics, Cranfield 


and M. E. MAXWELL, B.sSc., A.F.R.AE.S., A.M.I.E.E. 


Short Bros. & Harland Ltd., Belfast 


INVESTIGATION BY SIMULATION, USING COMPUTERS AND 
associated equipment, is now a well established practice, 
accepted as essential in various fields of science and 
engineering. 


Unfortunately the electronic analogue computer, - 


although it is in many ways ideal for simulation—and 
almost the only means available to-day for problems 
with fast response in real time—has some serious limi- 
tations as an advanced tool for complex problems with 
non-linearities, and there has been a trend towards the 
introduction of digital circuit techniques into simulation. 
The fully digital simulator known as the d.d.a. (i.e. 
digital differential analyser) has received some publicity 
already, but it is felt that some attention should also 
be given to the possibilities of using hybrid circuit 
techniques, part-digital, part-analogue. It is suggested 
that a hybrid system may have application as this could 
offer moderate accuracy, high speed, performance with 
simple equipment in non-linear operations, etc., where 
the analogue computer is not completely satisfactory. 
Very relevant to this subject is the technique of 
generating functions using the operation of integration 
as a basis. This, and other considerations to be dis- 
cussed, point to the need for complete installations or 
auxiliary computers based on d.d.a. or hybrid tech- 
niques. The principles involved are not new, but their 
application in simulation work has been slow in devel- 
oping, and the potentialities require to be emphasized. 


Evolution of digital simulation techniques 
Practical and economic considerations, together with 
those of availability, in many cases prevent the actual 
physical system being used in the solution of problems. 
It is evident that very great advantages lie with any 
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computing system which, in effect, provides a mathe- 
matical model available for continuous operation, as 
with analogue operation. Analogue computers, however, 
have been limited in accuracy and scope of problem 
because of the use of analogue components. Thus, digi- 
tal arithmetic computers have had application not only 
to problems peculiarly suited to them, but also to those 
in the analogue realm for which the technique of ana- 
logue operation has been insufficiently advanced as yet. 
Broadly speaking, the limitations are with regard to 
accuracy, non-linear operations, general problem com- 
plexity, dynamic range, and reliability. With major im- 
provements, the field of application lost to the digital 
arithmetic machine may be regained, and a renewed 
demand found for computers operating analogue-wise. 
Possibly the greatest disadvantage of existing forms 
of electronic analogue computer is the inability to inte- 
grate and differentiate with respect to a variable other 
than time. This restriction severely limits the range of 
non-linear functions which may be obtained with an 
economic arrangement of computing units, and pre- 
vents the simulation of partial derivative problems. 
One of the main advantages of the analogue com- 
puter compared with the digital computer is its faster 
operation, permitting simulation in real time. For this 
reason alone there is a definite field of application for 
the electronic analogue computer, despite its limitations 
in accuracy, alongside the digital computer. Any means 
of increasing its capabilities, such as those described, 
would obviously make it an even more attractive com- 
panion. 
The employment of digital units in an analogue sys 
tem has been evolving gradually, the resulting computer 
being termed a digital differential analyser (d.d.a.). This 


CONTROL April 1960 








mathe- 
ion, as 
ywever, 
roblem 
is, digi- 
ot only 
o those 
of ana- 

as yet. 
gard to 
m com- 
{jor im- 
- digital 
renewed 
ue-wise. 
g forms 
to inte- 
le other 
range of 
with an 
ind pre- 
ms. 

ue com- 
its faster 
For this 
ation for 
mitations 
iy means 
escribed, 
‘ive com- 


ogue Sys- 
omputer 
.a.). This 


ril 1960 





technique would appear to get over the shortcomings 
of the pure analogue computer, and at last there is 
the prospect of a computer which will adequately cover 
the full field of application. There should be no need 
now to appeal for assistance from an _ arithmetic 
machine, except when a special problem arises which 
justifies its use. 

In analogue operation the d.d.a. represents the 
opposite extreme to the pure analogue computer, in that 
only units of a digital kind are used. Hybrid systems 
are possible, however, still preserving the analogue mode 
of operation, but employing both pure analogue and 
digital units in association. Details of possible hybrid 
systems are ill-defined at present compared with those 
of d.d.a. technique, and, although greater attention is 
paid to the latter in this paper, it is not intended to give 
the impression that hybrid systems are any less im- 
portant. 


Additional features demanded by increasing complexity 


The additional computing features should be con- 
sidered which have to be introduced as a result of 
increasing problem complexity. The need to retain an 
analogue mode of operation will be borne in mind 
throughout. 

Taking linear equations as a starting point, additional 
facilities are required for: 

Simple non-linearities such as limits, dead zones, and 

hysteresis 

Transport delay 

Multiplication of two or more variables 

Axes transformations 

Generation of analytic or arbitrary non-linear functions of 

a single variable 

Functions of several variables 

Partial derivative equations 

Arising out of the limitations of present analogue- 
mode technique, various devices are used: non-linear 
equations are ‘ linearized” at the expense of limiting 
validity to small variations; partial derivative equations 
are treated by ‘finite difference’ methods but uneconomic 


y y.dx 
dx ee —— | }—> J v.ax 


x x.dy 
Fig. 1 Examples dy 
of function syn- 
thesis by inte- 
gration — gen- y 


ft. dy + y.4x) 
i a 
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y.dx 


“| | 
= e*.dx Serax _ 


computing capacity is involved except for simple ap- 
proximations. 

There is a definite need to face the problems of 
economic non-linear simulation and direct simulation of 
partial derivative equations. This is particularly true in 
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view of the increasing volume of work on spatial distri- 
bution problems, related to heat flow etc. in atomic 
energy and industrial systems, and the increased em- 
phasis on non-linearities in general. 

Facilities for the above operations automatically pro- 
vide for axes transformations, vector operations and 
complex variables. 
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Fig. 2 Examples of function synthesis by integration— 
generalized method 
The computing operations discussed have no basic 
arithmetic feature in common to demand the use of an 
arithmetic computer and there is every incentive to 
continue the development of computers operating in the 
analogue mode until all these features can be incor- 


porated. As will be seen, the d.d.a. already offers these 
facilities. 


Conventional analogue methods of non-linear-function 
generation 

It will be interesting to consider first the limited 
means available for extending conventional analogue 
computers to complex problems with numerous non- 
linear features. 

The basic computer, consisting of feedback amplifiers 
with resistive and capacitive components, can of course 
only be used for linear problems, so non-linear prob- 
lems involve the addition of special non-linear units. 

Limits and dead-zones can be introduced easily in an 
economic fashion. 

For general function generation there are the alter- 
natives of a slow unit using an electro-mechanical servo 
and a shaped potentiometer, or fast devices, e.g. using 
semiconductor diode and resistor sections. Such units 
have proved reasonably successful, but they have the 
disadvantage of requiring to be set up manually for 
each particular function. While this may be inevitable 
for an arbitrary function—unless it can be stored—it is 
unreasonable for a simple analytic function. 

The generation of a function of two or more variables 
is extremely difficult, and involves a considerable 
number of computing units. 

Multiplication of two variables is commonly required. 
There are many ways of doing this, and only a few 
examples will be mentioned. First there is the relatively 
slow servo-multiplier, using one or more potentiometers 
driven by an electro-mechanical servo. Then there is 
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the high-speed multiplier, using semiconductor diode 
and resistor sections operating on the well known 
* quarter-squares’ principle. A more attractive scheme 
uses a central triangular-wave generator to supply all 
points in the simulation where multiplication is required. 
Broadly speaking, only a number of semiconductor 
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Fig. 3 Examples of function synthesis—time integration 
method 


diodes and resistors is required at each point, with some 
extra amplifiers. The system can be extended 
economically. 

Existing non-linear computing units generally com- 
prise a number of computing amplifiers in addition to 
various non-linear networks. For this reason, it is diffi- 
cult to achieve in these units the accuracy obtainable 
with the linear computing units. Also, the overall 
accuracy of a computer employing non-linear units is 
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Fig. 4 Examples of function synthesis—time integration 
method 
very much more dependent on the magnitude of the 
signals employed, and great care must be taken to 
ensure that full scale values are obtained where possible. 


General limitations of analogue computers applied to 
complex problems 


As well as the lack of comprehensive integrated facili- 
ties for non-linear function generation apparent in the 
above, there are the following aspects of performance 
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which offer little prospect of improvement with a pure 
analogue computing equipment: 


Accuracy and frequency response, especially of the non- 
linear units. In contrast to a digital system, accuracy falls 
with increasing computer capacity 

Drift performance 

Dynamic range. 60dB is quite good, but 80 to 1204dB is 
required, for example, in nuclear problems 

Reliability. A variation in component performance may be 
sufficient to give unacceptable results, whereas a component 
failure would usually be necessary with digital equipment 


There is the disadvantage also that analogue com- 
puters cannot be operated in conjunction with digital 
computers, or the digital pick-off devices in data hand- 
ling and process control, without appropriate converters, 


General synthesis of non-linear functions by integration 

Given a means of integrating with respect to any 
variable—not just time—a wide range of mathematical 
relationships can be simulated. The basic problem is 
to generate the function fy.dx which involves multi- 
plication of y and 8x followed by integration, and it is 
interesting to note that this combined operation is the 
basis of the d.d.a. computer. 

Fig. 1 illustrates the generation of the fy.dx 
using a multiplier M and a special integrator /. It goes 
on to show how this operation may be used to generate 
the product xy and the function e’. 

Two further examples are shown in Fig. 2. The gen- 
eration of sinh x or cosh x is seen to involve generation 
of both simultaneously, using feedback connexions to 
the inputs of the multipliers. A method of obtaining a 
function of three variables x, y, and z from its partial 
derivatives is shown in the lower example. 

A special integrator, such as the digital type used 
in a d.d.a. computer has been assumed in the above 
since an electronic pure-analogue integrator can only 
integrate with respect to time. In Figs 3-5, y has been 
taken as a pure analogue voltage and 5x/8t as a posi- 
tive—or negative pulse in a hybrid digital-analogue 
system. Fig. 5 shows the sliced output wave-form for 
y.8x/8t which is used as the input to a pure analogue 


integrator producing the time integral | y. 





8. 
* dt. 


In a d.d.a. integrator, operation is similar in prin- 
ciple, as will be seen in Fig. 6 where the basic modu- 
lator is also shown for comparison. Input pulses dy and 
5x are obtained as outputs from other integrators and 
dy in integrated digitally to give y which is stored ina 
Y register. y and 8x are multiplied together, and the 
product y.5x integrated simply by adding + y or — y 
into an R register successively according to whether 6x 
is positive or negative. 

A multiplier consisting of a modulator switched by 
an incoming pulse is most attractive for function gen- 
eration. Considerable numbers of these units would be 
used and accordingly the simplicity of design possible 
becomes a most important feature. 

The use of digital integrators as well as pulse modu- 
lators leads to the fully digital d.d.a. system which is 
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essential for high-accuracy working. If, however, lower- 
accuracy function generation can be tolerated, the pulse- 
type modulator could be associated with a pure analogue 
integrator in a hybrid digital-analogue system. 


D.D.A. applied to complex problems 

It seems appropriate now to discuss the d.d.a. in 
relation to the various limitations of analogue computers 
listed earlier. 

Simple means of multiplication seems to be the 
answer to non-linear problems and partial derivatives, 
and, since this is a basic d.d.a. operation, the d.d.a. 


. rz 
éx 
ét 


Fig. 5 Operation of pulse 
modulator 





is suited to complex problems without special arrange- 
ments. 


For the same maximum frequency, accuracy may 
not be better than with a pure analogue system; but 
there is the added flexibility, not possible with the lat- 
ter, of being able to interchange accuracy and speed to 
suit the problem. 

Dynamic range is limited only by register capacity 
which could be varied to suit the problem. 

Transistors are ideal for the on-off digital technique 
employed, and the combination of these should result 
in increased reliability and other features important in 
large computing installations. Either manual or auto- 
matic setting-up of the problem should be possible by 
electronic means from a central point. Greater com- 
pactness also may be expected, and accuracy should 
be unimpaired with increasing size. 

Digital pick-off devices in data-handling and process 
control should combine readily, with a d.d.a. system, 
and easy connexion to a digital arithmetic computer 
should be possible without special converters. 

The increased reliability of a transistorized d.d.a. 
would be invaluable in process control, since a computer 
break-down might seriously affect the operation of an 
expensive plant. 

These considerations suggest that the d.d.a. technique 
is indeed the answer to many of the problems arising 
in developing comprehensive computing systems opera- 
ting in the analogue mode. 


Alternatively: hybrid digital-analogue technique 

It has been shown that integration of products of the 
form y.8x can be the basis of an integrated approach 
to non-linear function generation. Moderately accurate 
multiplication by a simple switching method is possible 
with y retained in analogue form and 8x expressed 
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digitally as, say, + 1. Also, a pure analogue integrator 
can be used to integrate the product y.5x as well as 
general integration with reasonable accuracy. Thus a 
hybrid digital-analogue technique offers the possibility 
of extending analogue computers to complex problems 
by adding switch-type multipliers, and analogue-digital 
converters as required, to the pure analogue integrators. 
The field of application is limited by the accuracy 
obtainable, but there is some attraction in the possibi- 
lities of high speed of operation and reduced cost of 
equipment. 


Auxiliary d.d.a. or hybrid computer 

A completely new installation based on d.d.a. tech- 
nique should offer all the performance and facilities 
which might be desired in simulation work. However, 
the possibility of using an auxiliary d.d.a. computer in 
association with an existing analogue or digital com- 
puter, or both, seems very attractive. 

Used with an analogue computer, the auxiliary d.d.a. 
could provide, for the first time, non-linear function 
generation with accuracy as good as that of the linear 
analogue units. In contrast to a complete serial d.d.a. 
installation, the time-sharing d.d.a. integrator would 
not require to serve the linear system, and this would 
result in higher speed of d.d.a. operation. Apart from 
non-linear function generation, the auxiliary d.d.a. com- 
puter could provide analogue-digital converters, digital- 
analogue converters and other desirable facilities for 
the complete installation. 

Where both analogue and digital (arithmetic) com- 
puters are available, the auxiliary d.d.a. offers a means 
of operating all three together. The linear operations 
could be done on the analogue computer, enhanced- 
accuracy linear operations and function generation on 
the d.d.a., and special function generation or pro- 
gramme storage on the digital computer. As before, the 
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Fig. 6 Digital multiplication in d.d.a. integrator 


d.d.a. could provide ancillary conversion and input- 
output facilities. 

Fig. 7 illustrates what can be done with the auxiliary 
d.d.a. equipped with a suitable number of analogue- 
digital and digital-analogue converters. These are indi- 
cated by ‘A.D.C.” and *D.A.C.’ respectively. An ex- 
ternal input x, in digital form is converted to an ana- 
logue voltage for connexion to the analogue computer. 
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The analogue input x. is converted to digital form for 
use in the d.d.a. function generators. 

A tape reader applies a digital programme x; to the 
d.d.a. equipment. 

The analogue computer variables x, and x; are con- 
verted to digital form for use in the d.d.a. system. Func- 
tions F, and F, are generated by d.d.a. technique and 
converted to analogue form for use in the analogue 
computer. Similarly, function F; may be generated in 
the digital computer if available. It is possible for pro- 
grammes such as F, and F; to be stored in either the 
auxiliary d.d.a. or the digital computer. An analogue 
computer variable x; is also shown connected to an 
analogue-digital converter for display as a digital volt- 
age and print-out in digital form. 

An auxiliary computer based on hybrid digital-ana- 
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Fig. 7 Application of auxiliary d.d.a. or hybrid computer 


logue technique is another possibility. The integrators 
here could be pure analogue ones, and possibly some of 
those in the existing analogue computer could be made 
available for this purpose by providing additional con- 
nexions to the auxiliary computer. It may be prefer- 
able, however, to insert plug-in integrators, as required, 
from a common stock. Individual non-linear units could, 
of course, be based on d.d.a. or hybrid techniques. 
The combination of an auxiliary d.d.a. computer 
with a digital computer is an interesting arrangement 
which must be mentioned. This would permit much 
more advanced work than is possible in association 
with an analogue computer, as both linear and non- 
linear operations can be done with high accuracy. The 
auxiliary d.d.a. deals with the linear operations and 
some function generation, while the digital computer 
would be used for further functions, especially the diffi- 
cult ones, and stored programmes. A typical interchange 
of variables for this case is shown by x, and F, in Fig. 7. 
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Conclusion 


The computing difficulties arising in complex prob- 
lems have been examined and it is seen that there is a 
trend towards the introduction of digital techniques, 
particularly in connexion with the generation of non- 
linear functions. 

A general method has been described which is avail- 
able for the synthesis of non-linear functions, and this 
uses integration as a basis. It involves numerous multi- 
plications and integrations with respect to variables other 
than time, so an economic technique for performing 
these operations is essential. 

This method of synthesis is the basis of d.d.a. tech- 
nique; but it is theoretically possible to employ a simi- 
lar method with hybrid digital-analogue technique, 
which offers the prospect of high speed of operation and 
reduced cost of equipment. 

An analogue system also could be used, but there 
seems to be no attraction in a system of this kind, and 
accuracy could be low, although the high speed of ana- 
logue operation would result. 

The fully-digital d.d.a. technique offers the most satis- 
factory general solution, and a complete d.d.a. instal- 
lation would appear to be the logical outcome. There 
seems to be a place also, however, for an auxiliary 
d.d.a. computer alongside existing analogue computers, 
as this appears to be an excellent method of adding 
improved non-linear and other facilities. The maximum 
frequency of operation with this combination can be 
much higher than with a digital arithmetic computer. A 
further application could be in association with a digital 
computer for the most advanced work. Indeed various 
possibilities have been described, and Fig. 7 shows 
how the unit may be used also as a connecting link 
between a digital computer or external digital devices 
and an analogue computer. 

Hybrid digital-analogue systems are possible, either 
as complete computing installations, or as an auxiliary 
computer, but accuracy will be less than with a d.d.a. 
system. These should be considered where moderate 
accuracy is sufficient and where higher speed of opera- 
tion is required. 
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Introduction 

The rate of flow of a fluid in a pipe 
is commonly determined from the pres- 
sure difference produced by a constric- 
tion in the pipe. With an orifice of fixed 
size the flow is proportional to the 
square root of the pressure drop, and as 
a result the meter is of low sensitivity 
over the lower third of its range of flow 
measurement. The flowmeters which are 
the subject of this survey are so con- 
structed that the size of the orifice is 
dependent on the flow and automatically 
increases as the flow increases; the size 
is then a measure of the flow and the 
meters are therefore known as variable- 
area or area-type flowmeters. The scale 


shape of such an instrument may be 


made linear by suitable design and it is 
then particularly suitable for use in 
chemical processing and manufacturing 
industries. Alternatively, the scale shape 
may be made non-linear with maximum 
sensitivity at the lower end of the range: 
this type is used in water supply under- 
takings for the detection of waste of 
water. 


Tapered tube and float meter 

The simplest practical design of vari- 
able-area meter consists of a vertical 
glass tube the internal diameter of which 
increases uniformly from bottom to top, 
enclosing a float whose external diameter 
is approximately the minimum internal 
diameter of the tube. The density of the 
float is greater than that of the metered 
fluid, which is introduced at the bottom 
of the tube and lifts the float until the 
pressure difference due to the fluid flow- 
ing through the annular orifice between 
float and tube is just sufficient to sup- 
port the float. The height of the float is 
observed against a scale engraved on the 
glass tube. A design of float frequently 
used has diagonal grooves at the top, 


This survey is published by courtesy of the Director, 
Hydraulics Research Station, 
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causing it to rotate in the flow and re- 
main clear of the tube walls. Other 
designs of float have to be guided, 
either by a rod passing up the axis of 
the tube, or by ridges or beads moulded 
in the glass. Constructional materials 
for these meters include glass, stainless 
steel, cast iron and plastic-lined or lead- 
lined cast iron for the tubes, and cera- 
mic, light alloy, glass, stainless steel and 
heavy alloy for the floats. 

Theory shows that the displacement of 
the float is directly proportional to the 
flow if the flow is turbulent (see Flow 
Measurement and Meters, p. 196, by A. 
Linford, E. & F. N. Spon Ltd., 1949). 
If, because of high viscosity or low rate 
of flow, the flow is in the laminar or 
transitional region, the scale is no longer 
linear: the meter will be affected by any 
change in viscosity from that for which 
it was calibrated, and use must be made 
of correction curves supplied by the 
makers. The effect of viscosity is much 
less marked if the float has a sharp edge 
at its largest diameter. A viscosity-im- 
mune float can be used at a Reynolds 
Number 1/50 to 1/100 of the value at 
which the normal type begins to give 
errors; it must be guided, however, and 
the capacity of the meter is reduced by 
some 20%. 

Fluid density changes affect the 
apparent weight of the float. The actual 
flow can be found by multiplying the in- 
dicated flow in volumetric units by 
((Wi—W.)Wm | (We—W..)W,]!, where 
Ws, Wa, Wm, are the float density, actual 
fluid density, and calibration-fluid density 
respectively. When the meter is cali- 
brated in weight units, the factor is 
[CW r—W..)Wa/ (Wi —Wnn )Wao}!. If We = 
2 Wm, and there is no great difference 
between the actual and calibration fluid 
densities, the latter factor is nearly 
unity, and the float is density-immune, a 
+ 10% difference in density producing 


less than + 0-5% error. The capacity of 
the meter, however, is only about 30% 
of that with a normal float, For gases, 
W, and W., are negligible compared with 
We, and the factors reduce to (Wm/W:)! 
and (W,/W.)!. 

The head loss in the flowmeter tube 
will normally be small and constant, 
being nearly equal to the effective weight 
of the float divided by its area. In a 
practical installation the head loss due 
to the bends required to fit the instru- 
ment into a run of piping may be much 
greater than the head loss in the meter 
tube and will increase with increasing 
flow. The ratio of maxium to minimum 
flow for any particular combination of 
tube and float is normally 10:1, but may 
be less for viscosity-immune and density- 
immune meters. The available ranges of 
glass tube meters cover flows from 0-007 


Tapered tube and float meters: metal 
tube on left, glass tube on right 





Sight tube 
and scale 





to 4200 gal/h of water, and 0-09 to 
18,000 ft*/h of air at standard tempera- 
ture and pressure (70°F, 14-7 Ib/in?). 

For larger flows the metering tube is 
made of metal and the float has an ex- 
tension projecting into a graduated sight 
glass. Alternatively, the extension may 
operate an electric or a pneumatic trans- 
mitter, the output driving a remote indi- 
cator, recorder, or a servo system for 
plant control. The metal-tube design will 
stand a higher operating pressure than a 
glass tube meter. For still higher pres- 
sures the meter has a float of magnetic 
material in a non-magnetic tube, usually 
of stainless steel. Movement of the float 
is followed by an external magnet 
coupled to an indicating pointer or 4 
pneumatic or electronic transmitter. 
Magnetic coupling is sometimes also 
used in meters designed for corrosive 
fluids at lower pressures, the tube being 
made of glass and the float being a mag- 
net enclosed in p.t.f.e. 

Pneumatic transmitters are usually in- 
tended to work with a remote controller 
or indicator requiring the recommended 
B.S. 3 to 151b/in? pressure range, but 
may be designed for any reasonable 
range of transmitted pressure; the remote 
instrument may be several hundred feet 
away from the transmitter. Electric trans- 
mitters may give a d.c. or a.c. signal, 
and the receiver may again be remote 
from the transmitter. 

Tapered tube and float meters are not 
appreciably affected by non-axial flow 
caused by pipe bends or partially closed 
valves, and the major precaution re- 
quired in installing a meter is to see 
that the tube is vertical. If the tube is 
not vertical it will read fast, the indica- 
ted flow being greater than the actual 
flow by about 1% for 10° inclination. 
Because the scale is linear, pulsating 
flows are correctly averaged, but it is 
possible for a condition of resonance to 
be set up when metering pulsating air 
flows, resulting in excessive movement 
of the float. 


Piston-type meter 

Piston-type flowmeters, like the metal 
tube and float type of meter, are suit- 
able for opaque fluids and high pres- 
sures. They may be used for very vis- 
cous liquids such as hot tar, and heavy 
fuel oils. The essential parts of the 
instrument are a weighted piston and a 
vertical cylinder, the latter containing 
the piston and having a rectangular slot 
on one side. In its lowest position the 
piston is below the end of the slot: when 
the fluid is introduced below the piston, 
the piston rises and exposes part of the 
slot through which the fluid escapes. The 
pressure difference across the orifice is 
then just sufficient to support the weight 
of the piston, and is therefore constant, 
and the flow is directly proportional to 
the displacement of the piston. 
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The movement of the piston operates 
a pneumatic or electrical transmitter. An 
electrical system using a differential- 
transformer-type transmitter can be used 
over distances as great as 3000 ft, and 
with a re-transmitter up to several miles. 
For high flows or very viscous fluids the 
weight of the piston may be supplemen- 


To differentia! 
transformer 





Piston-type flowmeter 


ted by a spring. The ratio of maximum 
to minimum flow is 50:1, as compared 
with the 10:1 ratio for the tapered tube 
and float. 

Piston-type flowmeters are slightly 
affected by non-axial flow, and it is 
advisable to have a straight run of 15 
to 20 diameters of horizontal pipe before 
and after the meter. The maximum flow 
of a particular meter may be changed 
by altering the weight of the piston, the 
maximum flow being proportional to the 
square root of the weight, or by chang- 
ing the orifice width, to which maximum 
flow is directly proportional. 


Tapered plug and orifice meter 

Another form of linear-scale, variable- 
area, flowmeter has recently been devel- 
oped for measuring flow in high pres- 
sure hydraulic systems. It comprises a 
tapered plug which moves axially in a 
sharp edged orifice and is loaded by a 
spring. Fluid flowing through the meter 
displaces the plug to an extent depend- 
ing on the rate of flow: linearity is 


To 
potentiometer 





Shar p-edged 
orifice 


Tapered plug and orifice flowmeter 


achieved by correct choice of the spring 
rate and initial set, and of the taper of 
the plug. 

Movement of the plug is measured 
electrically by a potentiometer, the 
slider being moved by the plug. The 
potentiometer is part of a d.c. bridge 


energized by a battery, and the flow is 
indicated on a moving-coil meter. 


Cone and disk meter 

The cone and disk meter is generally 
used for water metering, and is designed 
for installation in a horizontal run of 
pipe. The instrument comprises a_ hol- 
low truncated cone with its axis vertical 
and larger diameter at the bottom. A 
flat disk, or piston, just fits the smaller 
end of the cone and is supported by a 
wire which passes over a pulley to a 
counterweight. Water is fed in above the 
disk and forces it down until the water- 
way between the disk and cone is suffi- 
cient to pass the flow, and a pen attached 
to the wire records movement of the 
disk on a chart mounted on a vertical 
drum. Whereas in the tapered tube and 
float meter the motion of the float is 
wholly within the tube, it is possible for 
the disk to pass beyond the end of the 
cone, resulting in a rapid loss of sensi- 
tivity and a very wide range. A typical 
instrument has a linear calibration over 
the first 25% of its range, a gradually 





Cone and disk flowmeter 


decreasing sensitivity over the next 20%, 
and then rapidly decreasing sensitivity 
over the remaining 55%, which occupies 
only 20% of the total movement of the 
disk. The flow range is approximately 
200:1 and the accuracy of registration is 
+2 to 3% over the whole range. The 
accuracy of the meter is not appreciably 
reduced by the proximity of bends and 
valves, but it is important that the meter 
is truly vertical. 


Gate meter 

The gate-type variable-area meter re- 
sembles a flap-type, non-return valve. A 
weighted gate is suspended on a knife 
edge, and when no flow is passing the 
gate rests against and closes an orifice. 
The gate is raised by the flow until its 
weight is balanced by the differential 
pressure across the aperture between the 
gate and orifice. Motion of the gate is 
conveyed to a spindle rotating in a pres- 
sure-tight gland, and thence to a record- 
ing pen. A special scoop is fitted on the 
downstream side of the orifice, shaped 
s0 as to increase the displacement of the 
gate for a given flow; this scoop in- 
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Hinged gate flowmeter 


to minimum flow being about 300: 1. The 
meter is usually adjusted to agree with 
a printed scale, and the accuracy is then 


about +1% f.s.d. If, however, the meter 
is individually calibrated, the accuracy 
is =2 to 3% of the indicated flow. 


Specialized flowmeters 

To conclude this brief description of 
variable-area flowmeters it may be of 
interest to mention two specialized in- 
struments. The first is a tapered tube and 
float meter developed to measure the flow 
of drying-air through grain in silos. It 
consists of a tapered graduated plastic 
tube and a float in the form of a thin 
aluminium disk, guided by a fine wire 
in the centre of the tube. The bottom 
end of the tube is placed on the grain 
and the disk rises to indicate the flow. 
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The range is 7 to 26 ft/min and the 
accuracy +1%, with an approximately 
linear scale. 

The second instrument is a linear air 
flowmeter with a rapid frequency-res- 
ponse for use in studies of respiration, It 
consists of a box, one side of which is 
a spring-loaded diaphragm closing an 
outlet tube. Air passing into the box 
forces the diaphragm away from the 
outlet to an extent depending on: the 
rate of flow. The diaphragm is coupled 
to a displacement transducer which gives 
an electrical signal. Full-scale deflexion 
may be obtained for flows from 1250 
to 11,000 ft*/h with a pressure drop of 
less than 1 in. water. 


COMMERCIALLY AVAILABLE FLOWMETERS 


Accuracy is expressed as a percentage of indicated flow (i.f.) or of full-scale deflexion (f.s.d.). Maximum working pressure given 
is for liquids; for gases it is almost invariably much lower. Makers should always be consulted. The maximum flow for a meter 


will lie within the range shown. Minimum flow for that meter will be a tenth of the maximum flow, except where noted in remarks. 
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APPROXI- HEAD LOSS MAXI- 
OF MAXIMUM FLOW MATE ——————————-_ MUM MANUFAC- 
TYPE MANUFACTURER ———- —-— —— SCALE WATER AIR) WORKING ACCURACY END FITTINGS TURER’S REMARKS 
WATER AIR LENGTH (in. (in. PRESSURE TYPE NO. 
(gal/h) (ft®/h) (in.) water) water) (lb/in.*) 
SSNS 
TAPERED Drallim Industries Ltd. 1 0-5 Internally Optionally fitted with noz- 
TUBE AND and to 1} +3% f.s.d threaded Size 2 zles for flexible pipes or 
FLOAT Tick No. 801 3 2 $ in. B.S.P.T. compression couplings for 
(GLASS S$. —~ -— — rigid pipes. 
TUBE) 10 4 } $ Internally Sizes 6 Some meters have flow 
to to 4 - and and 250 14% fis.d threaded and 10 range less than 10 : 1. 
G. A. Platon Ltd. 60 200 2 2 } and i in. B.S.P.T. 
Tick No. 802 250 250 Internally threaded Sizes 
to to 15 14°% f.s.d $, 2 and | in. 15, 19 and 
1000 1000 B.S.P.T. 25 
Fischer and Porter Ltd. 550 Screwed or flanged Series 2700 The floats are spherical. 
to t2to3%f.s.d. for vertical or Triflat These meters have a non- 
Tick No. 803 440 horizontal pipes Tube linear calibration at low 
— ——— - — flow-rates due to operation 
: +2% f.s.d. Internally in the laminar-flow and 
0-0075 0-09 0-12 0-17 100 calculated, threaded Series 500 transitional-flow regions. 
to to 5 to to + 1% fis.d. } in. B.S.P.T. 
27°5 74 2:7 3-0 calibrated 
+2% f.s.d. 
25 calculated, } in. rubber Series 1017 
| +1% fis.d. or plastic hose 
calibrated 
300 Screwed or flanged Series 2700 Selected sizes from this and 
to t2to3°,f.s.d. for vertical or Bead the previous group are 
13 67 0-8 100 horizontal pipes guided available from stock for 
to to 10 to ( ——— _______-_______________——_ replacement without re- 
4200 18,000 13 50 +2% f.s.d. Glass flanges calibration. 
to calculated, for § to 2 in. Series 1028 
25 +1% f.s.d. vertical pipes 
calibrated 
13 67 0:8 t2% f.s.d. § to I} in. 
to to 10 to 50 calculated, rubber or Series 1027 
600 3000 2:5 +1% f.s.d. plastic hose 
calibrated 
2 10 Screwed or flanged 
to to 10 500 2% f.s.d for vertical or Series 100 
20 108 horizontal pipes 
Rear facing With valve, 
0-01 0-14 0-06 0-1 fin. N.P.T. female Series 1115 
to to 1} to to 100 +4% f.s.d. or A.P.L. Without 
20 106 1-2 1-3 or B.S.P.T. valve, 
Series 1020 
21-5 36 I} 175 Internally 
to to to to +2% f.s.d. threaded 10A2235 
1560 3900 4} 75 $ to 1} in. N.P.T. 
6 30 Series Magnetic coupling to indi- 
to to +2% f.s.d. 300.100 cator and/or recorder and/ 
3700 14,400 or integrator. 
The meter in series with an 
1080 5 25 Series orifice is connected across 
to and to 200 +2% f.s.d. Threaded } in. 10 B 1700 an orifice in the main pipe 
330,000 10 400 
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and meters a fraction of the 
total flow. Total flow is 
shown at left. 


Table continued on page 128 


127 





Ee.« ——_/“ 










































CONTROL 5 SURVEY 








































































































COMMERCIALLY AVAILABLE FLOWMETERS continued 
a — 
AVAILABLE RANGE APPROXI- HEAD LOSS MAXI- 
OF MAXIMUM FLOW MATE ——_———— MUM MANUFAC- 
TYPE MANUFACTURER ~- ———— SCALE WATER AIR) WORKING ACCURACY END FITTINGS TURER’S REMARKS Ty 
WATER AIR LENGTH (in. (in. PRESSURE TYPE NU. 
(gal/h) (ft®/h) (in.) water) water) (Ib/in.*) 
TAPERED The Rotameter Mfg. Co. Glass flanges ‘Letter’ series instruments TAPE 
TUBE AND Ltd. for $ to 3 in. 102 are individually calibrated, TUBE 
FLOAT ipes 
(GLass Tick No. 804 ahaa esata tcnieaitaatigpe a 
TUBE) (2 %i.f. + | Flanged for | TU 
0°3% f.s.d.) for vertical pipes 107 
0-026 0-2 8 0-5 05 500 small meters } to 3 in. 
to to to to to to cof cence ener nna | 
3000 5500 20 18-5 2-6 120 +2% if. for Flanged for 
medium and horizontal pipes 114 | 
large meters $ to 3 in. } 
Unions for 
4 to 14 in. B.S.P. 125 | 
and } in. A.P.I. 
/ 4 to 1 in. rubber Tubes and floats in the | 
tube pushes on to. Metric 100 ‘Metric’ series are standard. 
ends of meter ized for rapid replacement | 
—————————_ from stock without re. 
14 to 34 in. calibration. 
rubber hose Metric 101 
and clips { 
Glass flanges 
for $ in. to 3 in. Metric 102 
5-3 21 0-5 0-25 +6% fis.d pipes 
to to 104 to to to yaniiniiatintint aint 
66 190 4 1-5 | 500 $3% f.s.d Flanged for | 
ee ee — to {- ~ vertical pipes Metric 107 
60 210 1 0-5 | 120 | £3% f.s.d } to 3 in. 
to to 10} to to to $$ —__—_—— 
264 7500 14 5 2% f.s.d Unions for 
$ to 1 in. B.S.P.T. Metric 125 
cereal iiss incite nga, O 
Unions for General purpose instru. | 
$ to 1} in. B.S.P.T. 900 ments using ‘Metric’ tubes 
$$ _$_____—_—_—__—____ for ex-stock replacen.ent. 
Flanged for Enclosed in  dust-proof 
vertical pipes 907 plastic case. 
$ to 2 in. ' 
Flanged for 
horizontal pipes 914 
$ to 2 in. 
———————<—$_—————_- - — oo - ——__—__—_—- ———- PISTO 
0-007 0-004 + (2% if. Internally threaded, Can be fitted with valve. t 
to to 8 Low +0°3% f.s.d.) or cone type, 825 large Cast and fabricated cases 
45 85 connectors are available for multiple 
- —---—_- sa ———————- . assemblies. i 
0-007 0-004 +(5% if. Internally threaded Flow range up to 20 : | for 
to to 4 Low +0°5% fis.d.) or cone type 825 small 825 large and 50 : 1 for 825 i 
10 35 connectors small (dual taper tube) but j 
with lower accuracy. 
£(10% if. 
0-007 0-004 1 + 1% f.s.d.) , 
to to to Low limited to Internally screwed 704 May be fitted with valve. 
5 15 1} three calibra- 
tion lines 
Flanged for Magnetic coupling to ex- 
vertical pipes 507 ternal pointer. 
1 to 2 in. For use with corrosive or 
———__—___—_—_—_—————. opaque liquids. 
Flanged at top for 
2% tz. horizontal or i 
vertical pipes. 514 
Flanged at bottom } _TAPERE 
| for horizontal pipes. PLUG A} 
110 300 5 1 1 to 2 in. | ORIFICI 
to to 6 to to 250 <§ —————__—— . ——- —— - 
2100 5400 16 3 Flanged for Pneumatic tranmission to 
| vertical pipes 407 remote receiver, 3 to 15 
1 to 2 in. Ib./in.* range. : 
a ————— _ Alsoelectrical transmission, | 
(2% if. Flanged at top for Type 300 meters. | 
4% f.s.d.) horizontal or ae 
vertical pipes CONE AN 
Flanged at bottom 414 DISK 
for horizontal pipes j 
1 to 2 in. 
48 125 $$% 850/3 Three special Rotameters 
in series for wide range. For 
example, 250 to 40,000 
Ib./h of kerosene. 
imeem asnannase onder eee eee eC 
TAPERED Fischer and Porter Ltd. +2% f.s.d. Flanged for vertical Can be fitted with indicator, 
TUBE AND : \ 300 standard inlet, horizontal 10A1152 electrical transmitter, of 
FLOAT Tick No. 805 +1% f.s.d. outlet pipes pneumatic transmitter. Can 
(METAL special 1 to 3 in. be steam jacketed. Operates 
TUBE) 70 290 25 up to 1000°F. = 
to to 5 to anaes = ‘ = ee = oa 
14,500 60,000 80 +2% f.s.d. Flanged for vertical Flow range may be up aaTe 
standard inlet, horizontal 10A1151 124 : 1 Operates up © 
2500 +1% f.s.d. outlet pipes 1000°T. 
special 1 to 3 in. —_ 
CONTROL April 1960 cc 
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COMMERCIALLY AVAILABLE FLOWMETERS continued 
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AVAILABLE RANGE APPROXI- HEAD LOSS MAXI- 
OF MAXIMUM FLOW MATE ——_—_—— MUM MANUFAC- 
TYPE MANUFACTURER — ——— SCALE WATER AIR) WORKING ACCURACY END FITTINGS TURER’S REMARKS 
WATER AIR LENGTH (in. (in. PRESSURE TYPE NO. 
(gal/h) (ft?/h) (in.) water) water) (Ib/in.*) 
an | 
struments rarerED _ Fischer and Porter Ltd. 5580 47 +2% f.s.d. Flanged for vertical Can be fitted with indicator, 
alibrated TUBE AND contd.) to to 300 standard inlet, horizontal! 1OALIS6A electrical transmitter, or 
FLOAT 261,600 500 +1% f.s.d. outlet pipes pneumatic transmitter. 
(METAL special 2 to 8 in. Operates up to 900°F. 
es) : — pwe ae _ me 
- 50 ; Threaded ¢€ an be fitted with indicator 
to 2 to 3000 +2% f.s.d. § in. N.P.T., 585/E or pneumatic transmitter. 
i 115 10 or flanged Operates up to 500° F. 
The Rotameter Mfg. Co. Series 150 With sight glass. 
} 
Tick No. 806 ome - : us 
| 2 200 il 6 —_ - 
to to to to 6 , if.) a on Series 470 With pneumatic transmitter, 
90,000 180,000 8 48 s%fsd. | 1} a 8 i — 3 to 15 Ib./in.* range 
ihe icons - — _ 
its in the } receiver Series 670 With electrical transmitter, 
e standard- a.c. differential transformer 
eplacement ; type. 
ithout re- _ T 7 ‘ a ee aa = eaetikert. ~ eee a S ~ _ 
+2% if. Flanged for vertical Series 500 Magnetic coupling to ex- 
| | or horizontal pipes ternal pointer, for use with 
1 to 2 in. corrosive or opaque fluids. 
| Up to 600°F. 
, if. Flanged for vertical ” Series 400 With pneumatic transmitter, 
1000 Ag AE s.d.) or horizontal pipes 3 to 15 Ib./in.* range. 
7 720 5 1 to 2 in. 
to to 6 to to — — _ aoe ae enna olen o 
2500 5100 16 3 + (2% if. Flanged for vertical Series 300 "With electrical transmitter, 
+$%f.s.d.) or horizontal pipes 0 to 30 mA dc. 
| 1 to 2 in. 

—s | 5000 +2% if. Flanged for vertical 550 “Magnetic coupling to ex- 
yse_instru- or horizontal pipes ternal pointer, for use with 
etric’ tubes 1 to 2 in. corrosive or opaque fluids. 
eplacen.ent. o . ans a ee - 
"cevenedt No Fixed Standards 5000 450 With pneumatic transmitter, 

3 to 15 Ib./in.* range. 
j a . a : bs = itll ccc we cian atiediahiadiedme ae ae = 
0-3 1000 + (2% if. High pressure 640 With electrical transmitter, 
to +4° f.s.d.) unions, or flanged a.c. differential transformer 
1870 for vertical pipes type. 
oti PISTON Bailey Meters and Controls 63 JRI141* Weight loaded. 
vith valve. | Ltd. to 6 ' Low viscosity, clean fluids. 
icated cases 890 ; 
for sautigie —_—_— — Flanged for 1 in. ¢ ————_—_______— 
147 horizontal pipes Spring loaded. 
to 20:1 for | Tick No. 807 to Not 276 JR1143* Suspensions and high vis- 
0:1 for 825 § 2150 recom- cosity fluids. 
er tube) but | — . mended —_—— 600 +2% f.s.d. -o = - W - 
iracy. : 1100 for . 
autotdiaiii to gases 6 JR1141* Weight loaded. 
’ 1830 
—- —_— Flanged for 2 in. — ———__—_— = 
with valve 2560 horizontal pipes Spring loaded. 
to 276 JR1143* * All sizes are fitted with elec- 
4275 trical transmitters, Pneu- 
nian matic also available. 
pling to exX- RE a ees en? ene rs 
Honeywell C ontrols Ltd. 150 Not 10 250 +2% f.s.d. Flanged for 2 2 in. Series With electrical transmission. 
corrosive or to recom- to or horizontal pipes 293A2 Can be fitted with cooling 
' Tick No. 808 2000 mended 27 600 fins for hot liquids up to 
" for 600°F, or with steam jacket 
gases for very viscous liquids. 
t 
TAPERED Sir W. G. Armstrong- 300 180 $2% iif. Internally TDD 101/1 If used to meter gases, mini- 
PLUG AND Whitworth Aircraft Ltd. and and 4500 (if.s. ‘ tots. d.) threaded and mum pressure is 250 Ib./in.* 
ORIFICE 600 720 t © if. } in. B.S.P. TDD 101/2 for TDD 101/1; 1000 Ib./in.* 
assist Tick No. 809 © to ‘ fs. d.) for TDD 101/2; 500 Ib./in.* 
ission to rr - —- — SS ———_ for TDD 101/4, and 1000 
a 15 £2% Ib./in.* for TDD 101/S. 
: 1200 315 (fs. . ‘ots d.) Internally TDD 101/4 
mission, | and and 6000 if. threaded and 
nae | 1800 675 @io{tsd) im BSP.  TDDI01/s 
CONE AND Monitor Patent Safety Flanged for ; 
' DISK Devices Ltd. 300 horizontal pipes Size 1 
i 3}, 1, or I} in 
Tick No. 810 —_——_—_ a 
na ‘Flanged for 
11 Rotameters 600 6 27} horizontal pipes Size 2 
vide range. For 14, 1}, or 2 in. 
. 40,000 en ——— — 
aie Flanged for ; 
P 1200 | horizontal pipes Size 3 
—— 2}, 2}, or 3 in. 
ith indicator, Palatine Engineering Co. 10,000 96 +2 to 3% if. Flanged for Flow range is 200 : 1. Re- 
canst, or Ltd. to 7 to water mains cords on metallized paper 
sania Can 45,000 36 3 to 10 in. chart by gold point or ball 
ied Operates Tick No. 811 point pen. 
mace a 
bene HINGED George Kent Ltd. 10,000 +2 to 3% if. Flanged for Flow range is 300 : |. Re- 
be up to GATE to 7 30 150 if specially water mains cords by ball point pen. 
may b up 0 Tick No. 812 100,000 calibrated. 3 to 12 in. Instrument is normally ad- 


justed to approximate agree- 
ment with printed chart. 
Se 
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PEOPLE 


S.I.M.A. appear to have timed their 
Moscow exhibition rather nicely, for it 
overlaps with I.F.A.C.’s Moscow Con- 
gress on Automatic Control. Some 34 
S.I.M.A. members will show their 
wares in Moscow’s Polytechnic 
Museum from June 18-29, and the 
I.F.A.C. Congress covers June 27- 
July 6. My heading illustration shows 
the contract for the exhibition being 
signed by D. G. Borisenko, Vice-Presi- 
dent of the Soviet All Union Chamber 
of Commerce, and Peter Schilling of 
Stanton Instruments and Chairman of 
S.I.M.A.’s Export Committee. Standing 
behind the signatories are—left to 
right—K. I. Smolianov, Head of the 
U.S.S.R. Foreign Exhibitions Depart- 
ment, P. G. Brigadnov and D. M. 
Serov of the All Union Chamber of 
Commerce, G. A. Chard of Lep Exhi- 
bitions, Hilary King, Commercial 
Counsellor of the U.K.’s Moscow 
Embassy, and S.I.M.A.-member Hugh 
D. Binyon of Solartron. 





The leading article (p. 97) mentions 
A. G. Ivahnenko of the U.S.S.R. 
Academy of Sciences who has been 
lecturing in this country, and my 
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IN CONTROL 


by Staffman 


BORISENKO 
from Moscow... 


photograph shows him examining 
Ekco machine-tool control equipment. 
Among others in the photograph are 
(from left) A. W. Martin and K, J. 
Coppin of Ekco Electronics; A. S. 
Fisher has his back to the camera. 


I came across a thought-provoking 
statement by Robert Broadbent, Chair- 
man of Sperry Gyroscope, in a recent 
copy of Sperry Review. He says ‘A 
year or two ago... it was widely 
thought that the volume of aeronauti- 
cal business, as distinct from guided 
missile work, available to companies 
such as Sperry would show a very 
rapid decline, but to-day we have 
under development a larger number of 
new aircraft instruments and control 
systems for both civil and military 
purposes than almost at any time in 
our history.” So much for the decline 
and fall of the aircraft industry. 


I asked D. R. Hunt, who has just 
become General Manager of Alto 
Instruments, for his impressions on re- 
turning to the flowmeter world—he 
left Fischer & Porter, where he was 
Sales Manager, to spend a year as 
Commercial Manager with Plessey- 
subsidiary Power Auxiliaries. ‘To put 
it bluntly” he said ‘I am glad to be 
back because I believe there is a big- 
ger future in instruments.’ 


There have been several interesting 
appointments within the Plessey group 
recently. R. E. Leach (ex-Ministry of 
Supply, Bristol Aero Engines and 
Sperry Gyroscope) becomes Regional 
Personnel Manager for the Swindon 
area, and E. J. Hudson (ex-Brush 
Electrical and Jackson Industries) 
Divisional Manager of the Plessey 
(Swindon) General Services Division. 
I understand that E. F. D. Webb, who 
has been appointed Engineering Man- 
ager of Hagan Controls, is just back 
from the U.S. where he has been in- 





SCHILLING 


vestigating American methods of auto- 
matic process control. Webb was Tech- 
nical Director of Ipscol, designing 
combustion and process control sys- 
tems, and from 1953-1958 was Chief 
Engineer of Fuel Firing. Semiconduc- 
tors’ new Sales Manager, J. H. Thorp, 
has also had an interesting career. He 
worked under P. M. S. Blackett and 
H. E. Buckley at Manchester, was with 
the Armament Research Establishment 
and transferred to T.R.E. (now 
R.R.E.), Malvern, in 1950, joining 
Texas Instruments in 1957. Thorp is, 





WINTERBOTTOM 
recorder 


WEBB 
controller 


of course, responsible to Semiconduc- 
tors’ Commercial Executive Director, 
C. H. Noton. 





I knew J. F. Winterbottom when he 
was in charge of instrumentation at 
the Motor Industry Research Estab- 
lishment and I was, therefore, most in- 
terested to hear of his appointment as 
Chief Engineer of I.C.T.-associate 
Data Recording Instrument Co. He 
tells me that the company intend ex- 
panding their activities in the analogue 
field and also that ‘ we hope to investi- 
gate the fundamental problems of ex- 
tracting wanted information from long 
or sampled lengths of recorded data.’ 





Hearing that C. H. Barden, who 
joins the Technical Sales Department 
of Smiths Aviation Division, is an 
R. & D. man from Smiths Cheltenham 
organization, with a considerable back- 
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ground knowledge of autopilot devel- 
opment, I quizzed Smiths on autopilot 
trends. They tell me that ‘ autocontrol 
is becoming a more complex subject, 
this being dictated by stringent air 


traflic control requirements. These. 
although not affecting the autopilot 
directly, place a greater strain on 
human pilots, leading them to look for 
more help from their automatics.’ 
After nine years as General Manager 
of E.M.I. Electronics’ Wells factory, 


AUTHORS IN 


R. B. Larkinson (Analogue-computer 
analysis of rolling-mill controls, 
page 105) read mathematics at Merton 
College. Oxford, and graduated with a 
Second Class Honours degree in 1952. 
After leaving Oxford he spent a short 
period with an insurance company 
and later was at A.E.R.E. Harwell. 
He joined English Electric as a Grad- 
uate Apprentice in 1954 shortly after 
which he obtained an H.N.C. in Elec- 
trical Engineering at Stafford Techni- 
cal College. Since 1956 he has been 
with English Electric’s Metal Indus- 





LARKINSON 


tries Division where he has been con- 
cerned with the analysis of the many 
types of servo system used in the steel 
industry. 


P. D. Boyer (Hydraulic servos, page 
115) had an aircraft engineering 
apprenticeship with Flight Refuelling 
and joined High Explosives Research 
(H.E.R.), Fort Halstead, where he 
worked on atomic weapons research, 
in 1948. There he was concerned with 
the development and application of 
high-speed camera drives and origin- 
ated the 100-200,000 rev/min turbine 
mirror-drives now embodied in the 
Barr and Stroud camera. He joined 
Elliott Brothers (London) in 1952, 
forming and heading their Hydraulics 
Group at Boreham Wood—inter alia 
designing and producing their current 
range of adjustable-lap servo-valves. In 
July 1958 he joined English Electric 
where he designed two new linear 
valves. He heads the Servovalve Sec- 
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W. Pigdon is now in Halifax, Nova 
Scotia, as Executive Vice-president of 
E.M.I. - Cossor Electronics — E.M.I.’s 
Canadian subsidiary. I gather that the 
idea is to graft a number of Hayes 
projects on to the Canadian factory. 
Following a recent visit to Canada, 
Clifford Metcalfe, E.M.I. Electronics’ 
Managing Director, said: ‘I am very 
hopeful that we can help the electronic 
industry of Canada by transplanting 
some of the tremendous know-how at 
Hayes.’ Edward Bagley is taking over 


tion set up for their development and 
manufacture. 


R. J. A. Paul (co-author with M. E. 
Maxwell—below—of Digital and hy- 
brid simulation techniques, page 120) 





a 
PAUL 
is a First Class Honours graduate of 
London University. For six years he 
was a research engineer at the Motor 
Industry Research Association where 
he was mainly concerned with meas- 
urement and instrumentation tech- 
niques. He spent two years at Sperry 
Gyroscope working on the control 
aspects of a guided missile project, 
and four years with Short Brothers & 
Harland. Paul was Head of the Elec- 
tronics Section of Short’s Research 
Department, and responsible for a 
number of projects including the Short 
computer and control systems for 
guided missiles. He is a consultant to 
Short’s. For the past three years he has 
been Deputy Head of the Electrical 
Engineering Department of the Col- 
lege of Aeronautics, Cranfield. 


M. E. Maxwell graduated from 
Queen’s University, Belfast, in 1938 
and joined the Technical Office, Short 
Brothers & Harland. From 1943 until 
1947 he was with the Admiralty Signal 
Establishment working on the develop- 
ment of v.h.f. communications and, 
later, on u.h.f. television research. 
After a period in British European 
Airways’ Research Section at North- 
olt, assessing radio systems, he joined 
the Radar Laboratory of Ferranti, 


Pigdon’s duties at Wells and will be 
responsible to P. A. Allaway, who is 
Deputy Managing Director of E.M.L. 
Electronics Ltd. 

I hear from J. Bown—who signs 
himself Secretary—that he and three 
other ex-employees of Lang Pneuma- 
tic, W. H. Currie, B. Davis and J. 
Hibbert, are available for consultation 
on pneumatic control matters at 
2 Compton Road, Wolverhampton— 
telephone: 27249. 
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Edinburgh. He was a project engineer 
at Ferranti, working on marine radar 
and the 1000-Mc/s d.m.e. beacon, 
until re-joining Short Brothers in 1952 
as Head of the Analytical Group, Re- 
search Department. He is concerned 
with project assessment in computa- 
tion, automatic control, and aircraft 
and g.w. system studies. 


M. J. Wilkie (V ariable-area flowmeters, 
page 125) is in charge of a section of 
the Hydraulics Research Station, 
D.S.I.R., which is responsible for the 
design and development of field and 
laboratory instruments for the mea- 
surement of water level, velocity, 
depth, temperature, salinity, etc. He 
joined the newly formed Hydraulics 
Research Organization, now known as 
the Hydraulics Research Station, in 
1949, having previously been a mem- 
ber of the staff of the Engineering 
Department of the National Physical 
Laboratory. At the N.P.L. he worked 
on fluid film and boundary lubrica- 
tion. During the war he directed his 
attention to the design and develop- 
ment of instruments required for the 
investigation of these problems and 
of problems to do with fatigue and 
stress analysis. He holds a General 
Science degree and a Physics degree of 
the University of London, obtained by 
part-time studies at the Chelsea and 
Battersea Polytechnics. 


D. A. Miller (Practical solution of 
quartic and cubic equations, page 133) 
is a graduate of University College, 
London, where he gained an honours 
degree in mathematics. His first post 
was with de Havilland Propellers 
where he worked on the analysis of 
vibration and vibration stresses. For 
the past two years he has been with 
E.M.I. Electronics engaged on theo- 
retical work associated with g.w. de- 
velopment, including servo-mechanism 
design and analysis. 
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Pick-off 


WAS interested to see in last 
] month’s leader that the Editor 

used the word * automatization ° 
rather than the popular (vulgar?) 
‘automation ’. I have myself over- 
come my distaste for it and grown 
to accept the contracted form, but 
resistance is cropping up in all sorts 
of places. In the March issue of 
Automatik, for instance. I came 
across an amusing piece entitled 
* Automation” oder “ Automa- 
tisierung”’?’ (°“ Automation” or 
*“ Automatization”?°) and _ sub- 
headed * Die Uebernahme des en- 
glischen Ausdrucks fiihrt im Deut- 
schen zu einer Begriffsverwirrung’ 
(‘Adoption of English Expression 
Leads to Confusion in German’). 
The writer, Dr. Hans Roeper, de- 
plores the modishness of this vague 
foreign word in German speech, 
and attacks it on grounds philoso- 
phical as well as xenophobic. He 
points out that German official and 
academic circles also disapprove of 
the immigrant, but he thinks that 
the word is all right in English be- 
cause it makes the language easier. 
However, a quick count of the let- 
ters after the first three syllables 
suggests to me that the longer 
German word would be exactly as 
much more difficult for English- 
speakers as the longer English 
word would be for Germans, and 
both would be equal mouthfuls for 
natives. I agree with Dr. Roeper 
that ‘automation’ has lost its 
pristine precision, and on that count 
I would gladly reject it. But I am 
not altogether convinced that to 
restore two syllables is to restore 
clarity. 


me (see Pick-off last month) in 
finding the distinction between 
* automation ’ and * mechanization ’ 
rather nebulous. In a pamphlet just 
issued, based on David A. Morse’s 
report to the 1957 Session of the 
I.L.O., I read that: 
‘While automation means many 
different things to many different 
people, most people would place 
under that head all those techno- 
logical developments 
—which expand mechanisation 
to the point where production 
lines are almost automatic with 
little or no_ handling of 
materials ; 
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—which extend automatic con- 
trol (feed-back control) over 
manufacturing operations so 
that the process becomes vir- 
tually self-regulating ; 

—which involve electronic com- 
puter processing of data and 
information so that increased 
and refined automatic controls 
extend into the very heart of 
industry, commerce and gov- 
ernment.’ 

This is pretty wide, but appears to 
leave out a few things. Feedback 
control, for instance, is used in im- 
portant activities other than * pro- 
duction *. Almost, =e term ‘ auto- 
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mation’ seems to have become as 
all-embracing and _ indefinite as 
‘engineering’ itself. Perhaps the 
two domains—if domains they are 
—will soon become co-extensive in 
fact as well. 

Under the heading What is new 
about automation? the pamphlet 
lists, first ‘automatic methods of 
production’, second ‘continuous 
flow production’, and third the 
possibility of completely automatic 
factories. After this comes the anti- 
climactic statement, ‘In fact, of 
course, automation is not new ’. Of 
course. 


who had a curious query about 
New for Control—or rather, 
about the pictures in that feature. 
He wanted to know about the ubi- 
quitous threepenny piece so fre- 


I MET a reader the other day 
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quently portrayed beside a compo- 
nent. * Is it,’ he demanded, ‘a giant 
threepenny-bit? Or is it the genuine 
article, and if so does it bear any 
relationship to the cost of the pro- 
duct? Further, is it always the same 
coin, whether real or false?’ He 
expanded his theme by pointing 
out that CONTROL’s oversea reader- 
ship may never have seen a three- 
penny-piece, and would therefore 
have no notion of its size or value. 

He was probably pulling my leg: 
nevertheless, the point has some 
validity. Perhaps an adventurous 
photographer will broaden our hori- 
zon by using a rouble or a yen; 
use of a scale might be too revo- 
lutionary. 

We are considering an annual 
award for the best suggestions from 
readers for such standards: the 
prize might well take the form of a 
mint- condition threepenny- piece. 
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reprehensible, and some pass 

permanently into the 
language with beneficial effect. But 
one that I cannot feel happy about, 
though it seems to be becoming 
part of usage, is parameter. In my 
youth I was introduced to it as an 
independent variable, functions of 
which might express other vari- 
ables. I grew to discover that it 
may also mean a constant of a 
system. In fact, it seems to have be- 
come a typical example of pre-1984 
scientific double-think. I have be- 
fore me a technical dictionary 
which defines it as ‘An arbitrary 
constant, as distinguished from a 
fixed or absolute constant. . . . Any 
desired numerical value may be 
given to a parameter ’. Question: is 
a parameter a variable constant or 
is it a constant variable? 
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Practical solution of 


quartic and cubic equations 


In engineering problems such as the 
determination of the response of 
servo-mechanisms, accurate practical 
methods of solution of equations of 
up to the fourth degree are often re- 
quired. This article presents direct 
simple step-by-step methods of solu- 
tion of quartic and cubic equations. 
The methods can be applied with 
a desk calculating-machine — using 
square-root and cube-root tables, and 
with a digital computer provided that 
suitable methods of cube-rooting and 
square-rooting can be programmed. 
In general, the solution of quartic 
equations by the standard method (/) 
demands considerable mathematical 
skill since it requires the solution of 
a cubic equation with real coeffici- 
ents and of four quadratic equations 
with possibly complex coefficients. For 
fourth degree characteristic equations 
a solution has been published (2), 
but this requires the use of special 
curves in addition to calculations. 











by BD. A. MILLER, B.SC. 
G.W. Division, E.M.1. Electronics Ltd. 


The method of solution of cubic 
equations presented may also be found 
in a previous publication (3) and is 
included here for completeness. It 
has been put in a convenient form 
for computation, and instructions for 
dealing with special cases have been 
added, as with the quartic equation 
solution. 

Both the solutions proceed from co- 
efficients to explicit roots. The mathe- 
matical operations required are the 
same as those used in the solution of 
quadratic equations except for a 
single cube-root evaluation in one of 
two cases. 


Uses of These Methods 


Examples of the uses of these 
methods in servo system design are 
in the solutions of the characteristic 
equations and the determination of 
the border-line unstable gain settings 
for different values of the system 
parameters, when the equations are 





1957. 
TABLE | Solution of a,x*+a,x*+a,x*+a,x+a, = 0 
EXAMPLES: 1. x4+7x* — 7x? — 43x+42 =0 (roots 1, 2, 3 7) 
2. x1+ 10x + 46x? + 146x — 203 = 0 (roots 1, - 2x35) 

(A) (1) * (2) (3) (4) (6) (7) 

Column l a,(A) a.(A) a;(A) ; P ei ss 
Heading z 4 6 4 a,(A) $[(4) —4(1)(3) +3(2)?] (2)? (4) (1)? —(2) 
Ex. 1 1:0 1-75 —1-16667 —10-75 42-0 —40-6389 4-22917 
Ex. 2 1-0 2°5 7-6667 36°5 —203 —130-555 261-778 —1-41667 

(8) (9) (10) (11) TEST (12) (13) 
1+(11)>0 [1 +()}'? {(9)[1 +(12)}} 3/9 
(5) 
— 3 = 2 oad 2 
(1)(2) (3) (6)(7) (8) 7s (10)*5) bape ‘aueeas 0-186 

(12) +0-2 

8-70833 —241-104 —«--163277_—S —1-07822 <0 1-03838 0-150196 

—17-3333 —671-296 *194482 4-93801 >0 2°4368 —13-2137 

(14) (15) (16) TEST (17) (18) (19) (20) 

(5) (18) 
ee ~~ 6) >0 2 -2(1)(16) +(8 . 27) (15 
(13) $[(14) —(13)] (16) [(16)] (1)(16) +(8) (17) (7) —(15) 
(15) +(7)4 ——__—_— 
[0-75(5)]''? (Takes opp. (14)[1 +(13)] (16)<0 [—(16)]'”? As for (16) >0 ——— 
sign to (9)) 

5-50756 6°33477 10-5639 >0 325022 30-88 9-5009 2-12357 
—9-88031 1-6667 -25003 >0 0-50003 —8-9998 —17-9985 —4-50004 
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not of above the fourth degree. The 
solution of equations of above the 
fourth degree is in general not pos- 
sible by steps such as in the above 
solutions but requires approximating 
methods such as Graeffe’s method. In 
some cases the order of a character- 
istic equation may be usefully reduced 
by approximations in the transfer 
functions. In the calculation of the 
response of a servo system the solu- 
tion of the characteristic equation is 
usually the greatest obstacle. 


Conclusion 


The methods presented enable 
quartic and cubic equations to be 
solved with speed and the minimum 
mathematical difficulty, and without 
graphical measurements. Small ap- 
proximations have been made which 
eliminate the need for the use of 
trigonometric tables, but the accuracy 
of the methods is well above the 
usual engineering requirements. 
Published by courtesy of the Management, 
E.M.1. Electronics Ltd. 
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(21) (22) (23) (24) (25) (26) (27) (28) 


Real or complex roots 
2(1)(17) (19) = [(20) —(21)]'? [(20) +(21)]}'? —_—_—> (17) —(1) + (22) —(17) —(1) +(23) 


(21) Complex roots 
2(1)(17) +(19) - [(20)2 +(21)2]'/2 4 4[(20) +(22)]} "2 =. 2(23) (23) —(1) ~ [((24) -(17)]j —(23) —(1) + [(24) +(17)]j 


1-87487 -4987 1-9996 1-9989 1-0015 —3-0006 —~6-9998 
20-4987 4-99997} 3-99984 [ —1-99997 ~. 4-99997j] 0-99981 —6-99987 


Instructions for special cases 
These cases are unlikely to occur in practice. 

(i) When the magnitude of (16)/(15) is less than about 0-02 and 1 + (11) < 0 the accuracy of the results may not be sufficient, 
and it may be advisable to obtain (15) more accurately, using the fact that it should be a root of the equation 4x? — 3(5)x + 
(9) = 0. For the explanation of this see special case instruction (i) of the cubic equation solution in which E corresponds to 
(15) here. 

(ii) If (9)=0 place 0 in column (15) and continue with columns (16) to (28). 

(iii) If (16) — (17)=0 use the following different formule : 
(18) = (6) + 4 (15) [(2) + (15)], (20) = — 3(15). 
Then if (18) > 0 put (21) = (18)! and continue using the upper formule in columns (22) to (28); if (18) <0 put (21) = [ —(18)]!, 
and continue using the lower formule. 
Note: See the note following the cubic equation solution. 


TABLE li Solution of a,x*+a,x?+a,x+a, =0 
EXAMPLES: 1. x? — 6x? — 9x+14=0 (roots 1, — 2, 7) 
2. x3 + 8x2+ 57x+90 =0 (roots — 2, — 3+ 6) 


(1) (2) (3) (4) (5) (6) (7) (8) 


a,(A) a2(A) a;(A) 4(1) (4)? (5)(4) 4(2) (5) — 4{(3) -(4)(2) +2(6)] 
—6 —9 14 —2 4 —8 —7 —10 
8 57 90 2°66667 3977-11113 18-963 11-8889 —12-0371 


(9) (11) (12) (13) 


(7) 
(7) [1 +(10)}'2 {(8)[1 +1}? (12) 
a (9)*(7) ~ --— a -- 
) (Takes opp. ‘ 0- 186 : 
[—(10)]' 2 [—3(7)]'/? sign to (8)) (11) +0-2 
0-7 —3-43 1-85203 4-58258 


~ 3-79745 


—0-987688 11-598 5 ~ 3-54936 


(14) Root (15) (18) (19) (20) 


Real roots 
(17) > 0 [(17)]}! 2 4[{(18) —(16)] —4[(18) +(16)] 


—_—_—_———_ 14 (1) +(14) (16)? +4(15) 
(14) Complex roots 


(17) < 0 [—(17)]}'? —4[(16) + (18)j] 
6-99795 2-00059 99795 8-99826 > 0 2-99971 1-00083 —1-99883 


—1-99998 —45-0005 600002 —144-002 < 0 12-0001 ~ [—3-00001 6-00005j] _ 


Instructions for special cases 
These cases are unlikely to occur in practice. 

(i) When (14) is very small so that (14)/(1) is less than about 0-01 with 1 + (10) <0 the accuracy of the results may not be 
sufficient, since the expression E = (12)[1 + (13)] is an approximation, subject to a maximum error of less than 0-1%. It might 
be advisable to obtain a more accurate value of the root (14) by one of the well-known methods, then continue with columns 
(15) to (20) as shown. 

(ii) If (8)=0, a root of the equation = — }(1). Place — 4(1) in col. (14) and continue with cols. (15) to (20) as shown. 
Note: In some equations occurring in practice the coefficients increase or decrease sharply from a, to a,, a, to a, etc., and the 
solution is made easier by a suitable substitution x = Ay, where \ is a constant such that the equation in y has coefficients of 
about the same magnitude. 
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Mechanical computer provides air speed 


True air speed, Mach number and miles flown, from pressure and temperature 


TRUE AIR SPEED IN THE RANGE 150 TO 
600 knots, to an accuracy of + 1%, 
Mach number from 0:3 to 1:2 with an 
accuracy of +001, and air miles 
flown to +6 nautical miles, are 
obtainable with a new ‘true air speed 
unit’ (type 6B/3013) developed by 
Kelvin Hughes. This device, which 
weighs 27 lb only, has been developed 
as an air mileage unit for the V- 
bombers and other modern aircraft, 
and has undergone extensive flight 
testing. 
General operation 

True air speed is a function of pitot 
and static pressures, and air stream 
temperature, and a mechanical com- 





Fig. 1 
Kelvin Hughes’ true air speed unit 


Block schematic of 


puter operates on these parameters 
to give this. Force-balance pressure 
transducers measure the differential 
(pitot minus static) pressure and static 
pressure, their outputs being rotating 
shafts. Referring to Fig. 1, it will be 
seen that these outputs are rendered 
logarithmic by differential cams 1 and 
2, the log cams being connected mech- 
anically to a differential synchro, CX. 
The rotor of the synchro is driven by 
the pressure differential and the stator 
by the static pressure. The synchro 
feeds the stator of the control trans- 
former synchro, CT, the signal in- 
duced in the latter’s rotor being am- 
plified and fed back via a servo-motor 
and cam 3 to null that rotor. 

From here the modified signal is 
fed to mechanical differential, DF1. 
driving one side directly and the other 
side through cam 4. The latter is cut 
to suit the probe-position error for 
that particular aircraft, and the output 
is thus corrected. 
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ee 


Position error 


This last value is separated into two 
identical functions: one is converted 
to Mach number by cam 5; the other 
drives one side of the mechanical dif- 
ferential DF2. A function of indicated 
stagnation temperature is fed into the 
other side of DF2, this value having 
been obtained from a servo-controlled 
Wheatstone bridge with a temperature 
bulb in one arm. The final drive from 


Mach. 
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Miles 
counter 





_— 


Tae 


correction 


' 

i 

\ 

1 

\ 

' 

' 

' 

ALog. temp. 
Voit/knot 
1 

1 

' 

1 

L 


+ 


Probe 


DF2 is linear to the logarithm of true 
air speed and is reduced to t.a.s. by 
cam 6. 

Air miles flown is obtained by in- 
tegrating the t.a.s. output with an a.c. 
tacho-Velodyne operating a Veeder 
counter. 


Force-balance pressure 

The two force-balance units are 
identical but for their capsules, that 
for static pressure being evacuated, 
while the pitot-static differential unit 
is of the open type. Pressure is applied 
to a capsule which has one end fixed 
and its other end attached to a beam 
rotating about a fulcrum. One end of 
a precision spring is also attached to 














































the beam, the other end carrying a 
nut running in a micrometer lead- 
screw. Beam deflexion is sensed by an 
inductive pick-off. In the balance posi- 
tion there is no output but, on de- 
flexion, the voltage in one winding will 
increase and that in the other decrease. 
The output signal across the secondary 
winding is amplified and used to en- 
ergize the control phase of a size 11 
motor. 

The motor drives the leadscrew, 
causing the nut to vary the tension of 
the spring in such a direction as to 
balance out the deflexion of the 
capsule. 

These force-balance units are tem- 
perature-compensated with the aid of 
bi-metal strips whose movement is 
applied to the beam through a spring. 
The spring applies a restoring force to 
combat any movement due to a 
change in temperature. A zero-adjust- 
ing spring, operating much as the 
temperature compensator, facilitates 
calibration, and _ reversing micro- 
switches safeguard the unit if excessive 
pressure is applied. These switches 
apply a voltage such as to oppose the 
normal direction of motor-rotation. 


The temperature bridge 

The function for temperature is 
obtained from the  self-balancing 
Wheatstone bridge of Fig. 2. One arm 


Fig. 2 The temperature parameter is 
obtained from a self-balancing bridge 
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(21) (22) (23) (25) (26) (27) (28) 


Real or complex roots 
2(1)(17) —(19) = [(20) —(21)]' [(20) +(21)]'? (17) —(1) = (22) —(17) —(1) + (23) 


Complex roots 
2(1)(17) +(19) (20)? +-(21)*J]'/? 4 4[(20) +(22)}}"? (23) —(1) = [(24) -(17)]j —(23) —(1) + [(24) +(17)]j 


1-87487 -4987 1-9996 1-9989 1-0015 —3-0006 —6:9998 
20-4987 4-99997} 3-99984 [ —1-99997 - 4-99997}] 0-99981 —6-99987 


Instructions for special cases 
These cases are unlikely to occur in practice. 

(i) When the magnitude of (16)/(15) is less than about 0-02 and 1 + (11) < 0 the accuracy of the results may not be sufficient, 
and it may be advisable to obtain (15) more accurately, using the fact that it should be a root of the equation 4x3 — 3(5)x + 
(9) = 0. For the explanation of this see special case instruction (i) of the cubic equation solution in which E corresponds to 
(15) here. 

(ii) If (9)=0 place 0 in column (15) and continue with columns (16) to (28). 

(iii) If (16) — (17) =0 use the following different formule : 
(18) = (6) + 4 (15) [(2) + (15)], (20) = — 3(15). 
Then if (18) > 0 put (21) = (18)! and continue using the upper formule in columns (22) to (28); if (18) <0 put (21) = [ —(18)}}!, 
and continue using the lower formule. 
Note: See the note following the cubic equation solution. 


TABLE lf Solution of a,x*+a,x2+a,x+a, =0 
EXAMPLES: 1. x* — 6x? — 9x+14=0 (roots 1, — 2,7) 
2. x8 + 8x? + 57x+90 = 0 (roots — 2, — 3== 6) 


(1) (2) (3) (5) (6) (7) (8) 


Column 


Heading ‘ a,(A) a(A) a3(A) 4(1) (4)? (5)(4) 4(2)—(5) = 4[(3) —(4)(2) +2(6)] 


Ex. | al Oe er 4 ~8 af —10 
Ex. 2 8 57 90 266667 7-11113. 18-963 ‘11-8889 —12-0371 


(9) (11) (12) (13) 


(7) 
(7) [1 +(10)}""? {(8)[1 +11} *'* (12) 
(9)*(7) — - 
(8) (Takes opp. _ 0-186 — 
[—(10)}'? [—3(7)]'/? sign to (8)) (11) +0-2 


0-7 i ° 1-85203 4-58258 0906419 


—0-987688 11-598 > —-3-54936 —3-79745 —3-13076 


(14) Root (15) TEST (18) (19) (20) 


Real roots 
(13) —(12) (4) (3) (17) > 0 ((17)}' $18) —(16)] —4[(18) +(16)] 
—— (1) +(14) (16)? +4(15)< — — — —- 
(14) Complex roots 
(12)[1 +(13)] (4) (17) < 0 (—(17F)}'? —4[(16) + (18)j] 


6-99795 2-00059 -99795 899826 >0 2-99971 1-00083 —1-99883 


499998  —45-0005 600002 —144-002 <0 12-0001 ~ [—3-00001 +.6-00005j] 


Instructions for special cases 
These cases are unlikely to occur in practice. 

(i) When (14) is very small so that (14)/(1) is less than about 0-01 with 1 + (10) <0 the accuracy of the results may not be 
sufficient, since the expression E = (12) [1 + (13)] is an approximation, subject to a maximum error of less than 0-1%. It might 
be advisable to obtain a more accurate value of the root (14) by one of the well-known methods, then continue with columns 
(15) to (20) as shown. 

(ii) If (8)=0, a root of the equation = — }(1). Place — 4(1) in col. (14) and continue with cols. (15) to (20) as shown. 
Note: In some equations occurring in practice the coefficients increase or decrease sharply from a, to a,, a, to a, etc., and the 
solution is made easier by a suitable substitution x = Ay, where \ is a constant such that the equation in y has coefficients of 
about the same magnitude. 
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Mechanical computer provides air speed 


True air speed, Mach number and miles flown, from pressure and temperature 


TRUE AIR SPEED IN THE RANGE 150 TO 
600 knots, to an accuracy of + 1%, 
Mach number from 0:3 to 1:2 with an 
accuracy of +0:01, and air miles 
flown to +6 nautical miles, are 
obtainable with a new ‘true air speed 
unit’ (type 6B/3013) developed by 
Kelvin Hughes. This device, which 
weighs 27 lb only, has been developed 
as an air mileage unit for the V- 
bombers and other modern aircraft, 
and has undergone extensive flight 
testing. 
General operation 

True air speed is a function of pitot 
and static pressures, and air stream 
temperature, and a mechanical com- 
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Fig. 1 Block schematic of 
Kelvin Hughes’ true air speed unit 


puter operates on these parameters 
to give this. Force-balance pressure 
transducers measure the differential 
(pitot minus static) pressure and static 
pressure, their outputs being rotating 
shafts. Referring to Fig. 1, it will be 
seen that these outputs are rendered 
logarithmic by differential cams 1 and 
2, the log cams being connected mech- 
anically to a differential synchro, CX. 
The rotor of the synchro is driven by 
the pressure differential and the stator 
by the static pressure. The synchro 
feeds the stator of the control trans- 
former synchro, CT, the signal in- 
duced in the latter’s rotor being am- 
plified and fed back via a servo-motor 
and cam 3 to null that rotor. 

From here the modified signal is 
fed to mechanical differential, DF. 
driving one side directly and the other 
side through cam 4. The latter is cut 
to suit the probe-position error for 
that particular aircraft, and the output 
is thus corrected. 
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Position error 


This last value is separated into two 
identical functions: one is converted 
to Mach number by cam 5; the other 
drives one side of the mechanical dif- 
ferential DF2. A function of indicated 
stagnation temperature is fed into the 
other side of DF2, this value having 
been obtained from a servo-controlled 
Wheatstone bridge with a temperature 
bulb in one arm. The final drive from 
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DF2 is linear to the logarithm of true 
air speed and is reduced to t.a.s. by 
cam 6. 

Air miles flown is obtained by in- 
tegrating the t.a.s. output with an a.c. 


tacho-Velodyne operating a Veeder 
counter. 


Force-balance pressure 


The two force-balance units are 
identical but for their capsules, that 
for static pressure being evacuated, 
while the pitot-static differential unit 
is of the open type. Pressure is applied 
to a capsule which has one end fixed 
and its other end attached to a beam 
rotating about a fulcrum. One end of 
a precision spring is also attached to 


the beam, the other end carrying a 
nut running in a micrometer lead- 
screw. Beam deflexion is sensed by an 
inductive pick-off. In the balance posi- 
tion there is no output but, on de- 
flexion, the voltage in one winding will 
increase and that in the other decrease. 
The output signal across the secondary 
winding is amplified and used to en- 
ergize the control phase of a size 11 
motor. 

The motor drives the leadscrew, 
causing the nut to vary the tension of 
the spring in such a direction as to 
balance out the deflexion of the 
capsule. 

These force-balance units are tem- 
perature-compensated with the aid of 
bi-metal strips whose movement is 
applied to the beam through a spring. 
The spring applies a restoring force to 
combat any movement due to a 
change in temperature. A zero-adjust- 
ing spring, operating much as the 
temperature compensator, facilitates 
calibration, and _ reversing micro- 
switches safeguard the unit if excessive 
pressure is applied. These switches 
apply a voltage such as to oppose the 
normal direction of motor-rotation. 


The temperature bridge 

The function for temperature is 
obtained from the _ self-balancing 
Wheatstone bridge of Fig. 2. One arm 


Fig. 2 The temperature parameter is 
obtained from a self-balancing bridge 
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consists of a temperature bulb, to- 
gether with a shunt and series resis- 
tance, the other arms being formed by 
a motor-driven potentiometer, and 
conventional resistor arms. The bridge 
is energized across BD, and an output 
is obtained from AC when a change in 
temperature affecting the resistance of 
the bulb unbalances the bridge. 

Any unbalance signal is amplified 
and caused to power a_ two-phase 
motor which drives the potentiometer 
and brings the bridge back to balance. 
The resistance values of the bridge are 
so selected that the potentiometer 
rotates in accordance with the loga- 
rithm of temperature, and this rota- 
tion is fed to the differential DF2. The 
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Fig. 3 Air miles flown from t.as.: a 
tacho-Velodyne operating a counter 


latter provides a mechanical t.a.s. out- 
put via cam 6 (Fig. 1). 


Viscosity control at Mobil Oil 


Smiths controller gives 3—4°/. savings in blend costs 


ALTHOUGH IT IS USUAL TO TEST THE 
viscosity of liquids in the laboratory, 
this is time-consuming and, if it is a 
continuous process which is under in- 
vestigation, any number of changes 
in viscosity may occur while the test 
is being carried out. Furthermore, a 
close check must be kept on tempera- 
ture during the test, and the final 
results are not uncommonly somewhat 
imprecise. 

One continuous process in the petro- 
leum industry where this problem 
applies, is the blending of black oil 
with gas oil to produce fuel oil. 
Although gas oil is expensive, it is the 
normal practice to introduce more of 
it into the blend than is strictly neces- 
sary in order to ensure that the pro- 
duct never falls below the guaranteed 
standard. 


Fig. 1 Smiths viscosity controller at 

Ellesmere Port, Cheshire, Ocean Ter- 

minal of the Mobil Oil Co. The standard 

sample is contained in the vessel on the 

wall (left). The operator is collecting 
an overflow of sample oil 


In an attempt to overcome this 
costly problem, Mobil Oil approached 
Frank Ramsay Ltd. and Smiths In- 
dustrial Instrument Division for a 
viscosity controller capable of moni- 
toring the output of a blending unit. 
They required a controller capable of 
maintaining viscosity to +2%, and 
having a response time not longer 
than 30s. Smiths were able to improve 
upon this specification, their instru- 
ment being capable of detecting a 1% 
change and having a 25-s response 
time. 


User’s tribute 

CONTROL understands that prototype 
controllers at Mobil Oil’s Ellesmere 
Port Ocean Terminal were so success- 
ful that the oil company said: ‘ Savings 
of approximately 3-4% per ton may 
be achieved on the cost of making a 
blend by the utilization of the vis- 
cosity controller. Such savings would 
be achieved by the use of reduced 
quantities of higher-cost cutter stock 
in the blend. Savings in capital expen- 
diture and operating costs would 
accrue.’ 


Two viscometers 

The Smiths in-line viscosity control- 
ler employs two viscometers, the vis- 
cosity of a sample from a pump line 
being continuously balanced against 
the viscosity of a standard. The 
viscosity of each sample is measured 
by a rotating-cup viscometer whose 
output torque acts upon a balance 
arm. Both viscometers run in a water 
bath and are driven at the same speed 
by an electric motor. The laboratory- 


Air mileage circuit 

As described above, air miles flown 
is obtained by integrating the true air 
speed output. The mechanical t.a.s. 
output drives the wiper of a potentio- 
meter (Fig. 3), the voltage on the wiper 
being amplified and fed to the control 
phase of an inductance motor. The 
motor drives an accurate tacho- 
generator whose output is used to 
back-off the potentiometer input to 
the amplifier. The motor is, therefore, 
rotating at a speed which is a linear 
function of t.a.s. A Tufnol cam driven 
by the motor’s shaft operates make 
and break contacts which control the 
operation of a Veeder counter indi- 
cating air miles flown. 


tested sample in its viscometer is at 
the temperature of the bath, and the 
sample from line also attains that tem- 
perature as it passes through a heat 
exchanger immersed in the bath. The 
precise temperature of the bath is not 
important, as the viscosity of each 
sample is measured at the same tem- 
perature although, in practice, it is 
increased when dealing with products 
of high viscosity, in order to reduce 
the torque to a reasonable value. 

Each viscometer runs at the same 
speed and temperature as the other, 
so that if the viscosity of the standard 
sample is the same cs that of the pro- 
duct under test, the two torques will 
be equal and the balance arm will be 
in a state of equilibrium. A change in 
viscosity of the product from line, will 
cause the balance arm to move and so 
operate a microswitch or a pneumatic 
control. 


Operating principle 

The cutaway diagram Fig. 2 shows 
the principle of operation. A standard 
sample of the desired viscosity is in- 
troduced to the sample viscometer 
through pipe 1. The sample passes to 
the lower bearing spigot and cross 
passages, and from there to the space 
around the outside of the rotating 
drum. Finally, it passes through the 
peripheral holes drilled around the 
mid-point and fills the annular space 
between the rotating drum and the 
measuring drum. 

The oil from the blending line, 
whose viscosity is to be controlled, 
enters the strainer 2, through the pipe 
3, and thence flows through the pipe 
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4 to a pump. The strainer is of small 
capacity as a large capacity could 
unduly delay the signal that indicates a 
change in viscosity. The pump 5 iso- 
lates the apparatus from line pressure. 
The line-oil passes through the pump, 
enters the heat exchanger via pipe 6, 
then flows through the connexion 7 
into the in-line viscometer. 

The heat exchanger, which raises 
the temperature of the oil from the 
line to that of the standard sample in 
approximately five seconds, consists 
basically of two concentric metal 
sleeves. Oil from the line is forced 
through the annular space between the 
sleeves, whilst water is circulated by 
means of the impeller 27, through the 
inner sleeve and the water jacket 
surrounding the outer sleeve. 

The temperature of the water bath 
8 is maintained by a thermostat 9 
governing a heating element 10. The 
exact temperature is not important, 
and is set to a value that ensures that 
the viscosity of the line sample, and 
hence the torque produced at the vis- 
cometers, is not too high. The water 
bath may be topped-up through the 
filling cap 26. 

The controller is of flameproof con- 
struction. The top cover 11 is cut 
away in the diagram to show the 
driving motor 12. This drives the spur 
wheel 13, which in turn drives the 
pump 5 and the rotating outer sleeves 
of the viscometers 14 and 15. 

The standard and sample oils enter 
the viscometers, and rotation of the 
outer cylinders 16 and 17 causes a vis- 


cous drag on the inner, or measuring, 


cylinders 18 and 19. This torque is 
applied to the arms 20 and 21, which 
act upon the balance arm 22. Any 
motion of the balance arm is trans- 
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Fig. 2 Annotated 

(see text) cutaway 

diagram of viscosity 
controller 


mitted through the shaft 23 to operate 
the microswitches 24 and 25. 


Pneumatic controller 

The viscosity controller in Fig. 2 is 
a simple on-off electrical type whose 
microswitches operate relays to con- 
trol a motorized valve in the blending 
unit. A requirement for pneumatic 
proportionate control has led Smiths 
to design what they say is a highly- 


Automatic mine-winder control 
Coal handled automatically in No. 2 Shaft of N.C.B.'s Warsop Colliery 


IN THE 1421-FT DEEP NO. 2 SHAFT AT 
Warsop Colliery (No. 3 Area, N.C.B. 
East Midlands Division) an _ over- 
hung armature by A.E.I. Heavy Plant 
Division is used in a recently-installed 
tower-mounted friction winder. This 
is a skip winder, handling coal exclu- 
sively, and operation from the arrival 
of the coal train at the tippling station 
underground to discharging at the top 
of the shaft, can be automatic. Opera- 
tion depends on the flow of coal from 
the face. The arrival of the skip at the 
underground filling station operates a 
Magnetic proximity switch which 
begins the sequence of operations by 
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loading coal into the skip and then 
switches the flow of coal from the 
tipplers to the appropriate measuring 
pockets. 

The control system permits auto- 
matic winding to be carried out con- 
tinuously, and safeguards are provided 
so that, in the event of interruption 
in an emergency, the cycle of opera- 
tions must be completed manually 
before automatic winding can be re- 
sumed. With the normal flow of coal, 
the skip is moved when it contains 
eight tons of coal. If, however, the 
supply of coal from the working is 
reduced, the arrangement is such that 






































satisfactory prototype pneumatic con- 
troller which is capable of detecting a 
change in viscosity of +0-5%. CONTROL 
understands that this improved sensi- 
tivity is due to the fact that less torque 
is required to operate a pneumatic 
control than to operate microswitches. 
In the pneumatic controller the micro- 
switches are replaced by a drive taken 
from the balance unit by bevel wheels. 


after a. pre-determined interval the 
winding cycle is initiated. Thus, in 
spite of a slow flow of coal from the 
face, an empty skip is frequently avail- 
able at the bottom of the shaft. The 
operation is completely interlocked and 
must take place in the correct sequence 
before the winding cycle can be 
started. 

The winder is of the Ward-Leonard 
type with closed-loop control, employ- 
ing the Lamex scheme, in which a 
laminated-yoke exciter is used to sup- 
ply the fields of the generators of the 
Ward-Leonard system. The exciter 
fields are in turn supplied from a 
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valve-controlled flux-resetting mag- 
netic amplifier, giving speed control 


with overriding current or torque 
limits, acceleration and retardation 
limits, and peak-power limit. As 


already mentioned, the winder can be 
arranged for automatic operation, 
being interlocked with the skip plant 
as appropriate. 

The winder can also be operated 
under manual or semi-automatic con- 
trol. Manual control by the driver 
is through control levers in the winder 
room. The driver operates the winder 
in response to audible and visual sig- 
nals received from the banksman, and 
any speed can be chosen below the 
maximum set by the control system. 
The retardation of the winder, as the 
conveyances approach the terminal 
points of the shaft, is automatically 
achieved by means of a cam-gear 
driven from the winder drum. 

Semi-automatic control is by push- 
button from the banksman’s platform ; 
no driver is needed, and each wind is 
initiated by the banksman. The con- 
trol system is set up so that the winder 
follows the designed speed cycle. 


Fully-automatic control 

Automatic control is available when 
the winder is interlocked with the skip 
plant. Each cycle is initiated when (a) 
the skip at the bottom of the pit is 
filled and the filling-chute retracted, 
and (b) the skip at the surface is 
empty and the hopper guillotine-door 
is shut. The winding sequence is thus 
initiated automatically, without the 





LOOKING 
AHEAD 


Unless otherwise indicated, all events take 
place in London. B.C.S. British Computer 
Society, Brit. 1.R.E. British Institution of 
Radio Engineers, 1.E.E. Institution of Elec- 
trical Engineers, R.Ae.S. Royal Aeronauti- 
cal Society, S..T. Society of Instrument 
Technology. I.Mech.E. Institution of Mech- 
anical Engineers. 

WEDNESDAY 13 APRIL 

Guided Weapon Control by F. R. J. Spear- 
man. 6.30 p.m. Brit.1.R.E. 

Informal Evening on Novel Pneumatic 
Devices and Applications. The Northampton 
College, E.C.1. 6 p.m. S.LT. 

MONDAY 25—FRIDAY 29 APRIL 

2nd European Fluid Power Conference and 
Ist International Compressed Air and 





Hydraulics Exhibition, Empire Hall, 
Olympia. 

MONDAY 25—SATURDAY 30 APRIL 

Production Exhibition, National Hall, 
Olympia. 


TUESDAY 26 APRIL 
An Experimental Transistor-controlled Com- 
ponent Selection and Testing Machine by 
T. C. Cardwell, J. R. W. Smith and G. H. 
King. 5.30 p.m. LE.E. 

Control Section Annual General Meeting. 
6.15 p.m. Some Recent Advances in Indus- 
trial Electrical Control Techniques. S.1.T. 
WEDNESDAY 27 APRIL—FRIDAY 6 MAY 

Fuel Efficiency Exhibition, Olympia. 
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This A.E.l. motor rated at 1638/2120h.p., 77:3 rev/min., drives the automatically- 
controlled skip winder at Warsop No. 2 


intervention of a driver or other 
operator, and continues until it is 
deliberately stopped by operation of 
appropriate control switches. 

Three special features are provided 
for safe and efficient operation. First, 
if the flow of coal which controls the 
skip plant operation is reduced, an 
automatic ‘ wind’ is initiated after an 
interval, irrespective of whether the 
skip at the pit-bottom is fully loaded 
or not. Thus an empty skip is avail- 
able at regular intervals at the pit 
bottom. The second feature ensures 
that the minimum time is wasted if 
the hopper into which the ascending 
skip is to be unloaded, is full. The 
interlocking system is such that, in 
this event, the skip is stopped just 
short of the discharge position and is 
started automatically to complete the 
wind as soon as the receiving hopper 
is sufficiently empty to receive the 
load. The third feature ensures that 
any creep between the ropes and the 
driving pulley is automatically correc- 
ted at the end of each wind. An 


THURSDAY 28 APRIL 

Discussion on Education Committee’s Report 
on The Education and Training of the Pro- 
fessional Radio and Electronics Engineer. 
6.30 p.m. Brit.I.R.E. 

TUESDAY 3 MAY 

Discussion on Teaching and 
Machines. Opened by C. E. G. 
5.30 p.m. LE.E. 


TUESDAY 3—FRIDAY 13 May 1960 


Mechanical Handling Exhibition and Con- 
vention. Earls Court 


WEDNESDAY 4 MAY 

Computer Controlled Television Displays for 
Flight Simulators by J. N. Naish. 6.30 p.m. 
Brit.1.R.E. 

FRIDAY 6 MAY 

Discussion on Methods of Recording Mea- 
surements—Digital or Analogue. Opened by 
W. J. Perkins. 6 p.m. L.E.E. 

TUESDAY 10 MAY 

Start of a course of 6 lectures to be held 
on Tuesdays on Ferrites—their Principles and 
Applications by J. Roberts. Norwood Tech- 
nical College. 7 p.m. 

WEDNESDAY 11 MAY 

Radio Guidance in the Automatic Landin 

of Aircraft by J. Shayler. 6.30 p.m. Brit LR. 
Sixth Conference of Standards Engineers, 
Connaught Rooms, London. Organized by 
British Standards Institution jointly with 
Institution of Production Engineers. Applica- 
tions for tickets: Secretariat, IPE BSL 
Committee, British Standards House, 2 Park 
Street, London, W.1. 

Data Processing Section Annual 

Meeting. 6.15 p.m. S.I.T. 

A Recording Stereocomparator by 
Adams. 7 p.m. S.1L.T 


Learning 
Bailey. 


General 


A. E. 


automatic creep-correcting unit is pro- 
vided which adjusts the control 
devices, e.g. depth indicator, cam gear. 
and automatic contrivance (Lilly con- 
troller) whenever the position of these 
devices does not correspond with the 
skip position. By means of switches 
on the headgear and on one of these 
control devices, the creep corrector 
determines when such misalignment 
has occurred and adjusts the position 
of the control devices. This is done 
by means of a motor driving a differ- 
ential-gear unit which is positioned in 
the drive between the driver and the 
control devices. This creep corrector 
is interlocked, so that it is operative 
only when the winder is stationary 
and the mechanical brakes applied. 
The whole installation was planned 
in close co-operation with the sup- 
pliers of the skip plant equipment 
which was manufactured in Germany 
by Guttehoffnungshutte and Siemens- 
Halske. In order to comply with 
British regulations, a number of flame- 
proof units were provided by A.E.I. 


WEDNESDAY 18 MAY 

Symposium on Electronic Equipment Relia- 
bility. Sessions at 10.30 a.m., 2.30 p.m. and 
5.00 p.m. Registration form from I.E.E. 
MONDAY 23—SATURDAY 28 MAY 
Instruments, Electronics and Automation 
Exhibition, Olympia. 

TUESDAY 24 MAY 

S.1.T. Annual General Meeting. 6 p.m. Pre- 
sidentiai Address. 7 p.m. R. S. Medlock. 
WEDNESDAY 25 MAY 

Discussion on New Semiconductor Devices 
and their possible Applications. Opened by 
*. .” Gibson and G. King. 5.30 p.m. 
WEDNESDAY 1—FRIDAY 3 JUNE 

Instrument Society of America’s 6th National 
Symposium on Instrumental Methods of 
Analysis. 

WEDNESDAY 8—FRIDAY 10 JUNE 

3rd Symposium on Gas Chromatography, 
Edinburgh. Details: L. Brealey, Boots Pure 
Drug Co., Nottingham. 

FRIDAY 10—SUNDAY 26 JUNE 

British Exhibition, Coliseum, New York. 
WEDNESDAY 15—-WEDNESDAY 29 JUNE 

7th International Nuclear Congress and 
Exhibition on Electronics, Rome. Details: 
Secretariat, 14 Via della Srofa. 

SATURDAY 18—WEDNESDAY 29 JUNE 
S.I.M.A. Exhibition of British Scientific 
Instruments, Moscow. 

FRIDAY 24 JUNE—FRIDAY 8 JULY 
International Machine Tool 
London. 

MONDAY 27 JUNE—WEDNESDAY 6 JULY 
Moscow Congress for Automatic Control. 
Applications: Hon. Sec. Group A, B.C.A.C., 
c/o I.Mech.E. 


Exhibition, 
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A monthly review—under basic headings—of the latest control 
engineering developments for all industries; specially edited for busy 
technical management, plant and production engineers, chemical en- 
gineers, etc., who are not specialized in instrument and control systems 


IDEAS APPLIED... 


..-.- to TEMPERATURE 


Transistor amplifier for thermo- 
couple signals* 


1,C., HUTCHEON 
George Kent Ltd., Luton 


The measurement of thermocouple 
signals is frequently complicated by 
the presence of comparatively large 
voltages between the thermocouple 
and earth, either direct or, more com- 


Transistor chopper 
type d.c. amplifier 


I: 1] magnetic 
d.c. isolator 





Fo 

1 D.C. output 7 

3 (0-10 mA,d.c.)  ~ 

Fig. 1 Amplifier, showing guard screen 


monly, alternating at line frequency. 
This occurs particularly in electric 
furnace and_ similar applications, 
where voltages as high as 250 V are 
encountered on occasion. 

One way in which this difficulty 
can be overcome is shown in Fig. 1. 
A small transistor chopper-type d.c. 
amplifier is totally enclosed within a 
“guard” screen connected to the 
source. The amplifier output is passed 
through a 1:1 magnetic type of d.c. 
isolator whose gain is accurate within 
+0-1%, and the whole assembly is 
mounted in an earthed outer case for 
safety. 

*See also Hutcheon, 1. C., and Summers, D., 
* A low-drift transistor chopper-type d.c. amplifier 


with high gain and large dynamic range.’ Paper 
No. 3227, March 1960, 1.E.E. 


CONTROL April 1960 


Fig. 2 shows a practical amplifier 
based on this principle. The transistor 
input chopper operates at 200 c/s, and 
the transistor itself is mounted in a 
small oven, as shown in Fig. 3. This 
holds its temperature stable within 
+ 2°C and assists in keeping the drift 
of the whole amplifier below + 10 nV 
and + 4 mA in ambient temperatures 
between 0 and 50°C. 

Forward gain of the amplifier is 
such that the full output-change of 
10 mA is provided by a change of in- 
put signal not greater than 0-5 »V and 
0-5 muA. Overall d.c. feedback can 
therefore be applied to give a per- 
formance which is limited only by the 
drift figures. For example, a 10 mV 
signal can be amplified to 10 mA with 
an accuracy of +0-1% prior to the 
isolator, and + 0-2% after it. 

Demodulation within the amplifier 





Fig. 2 Underside of amplifier chassis 


is performed at a low signal-level, and 
the demodulated output is smoothed 
by a feedback integrator. This allows 
the system to handle relatively large 
changes of input-signal without satura- 
tion, minimizes the effect of series 
pick-up, and maximizes the response. 

Common-mode a.c. or d.c. voltages 





Fig. 3  Transistor-stabilizing oven 


up to 300 V at the input have no effect 
on the accuracy, the response of the 
output to large input signals is at a 
rate of 50mA/s, and the load may 
have any value between 0 and 2 k2 
without affecting the output current. 


..- to PRESSURE 


Due to problems of phasing, and the 
fact that harmonics are invariably pre- 
sent in the output, it is often difficult 
to use an a.c. energized inductive trans- 
ducer directly with a conventional elec- 
tronic.self-balancing potentiometric re- 
corder-controller. 

An inductive transducer can, how- 
ever, be used very successfully with 
a chart recorder, which has been modi- 
fied as follows. The slide-wire resist- 
ance unit, normally driven by a two- 
phase motor, is replaced by a micro- 
meter-screw-operated ~ inductive-trans- 
ducer, the electrical and mechanical 
characteristics of which are identical 
to those of the external head. The 
displacement of the armature of the 
built-in transducer is 0-05 in. for full- 
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External 
transducer 





Balance 
adjustment 


Span 
control 


Movement 


Amplifier \/ 


NOV a.c. supply 


scale travel of the recorder pen. The 
external pressure-detecting head must 
have the same armature-travel. 

The circuit is arranged as a self- 
balancing inductance-bridge recorder, 
as shown in Fig. 1. Pressure applied 
to the external transducer causes it to 
be out of balance with the internal 
transducer, and a voltage therefore 
appears about the earth point. This 
voltage is amplified, and fed to the 
control phase of the motor, which 
rotates the lead screw until displace- 
ment of the internal transducer is 
equal to that of the outer. The circuit 
is then in balance, and consequently 
there is no voltage at the amplifier. 
The rotation of the lead screw in 
balancing the system winds or unwinds 
a cord wrapped round the small drum 
attached to it. The indicator and re- 
cording head are motivated by the 
movement of the cord. This system is 
distinguished by a high degree of re- 
peatability and stability, due to the 
balancing of inductance changes of 
one sense in the detecting element by 
inductance changes of the opposite 
sense in the recorder-transducer. 

A sharp balance-point is obtained, 
and linearity and repeatability are 
between 0-1 and 0:2%. Input-voltage 
variations of 180-240 V, and frequency- 
variations of 45-55c/s, produce no 
significant changes in reading. 

The system is, of course, not limited 
to the measurement of pressure. A 
distinguishing feature is that if a multi- 
point recorder is used, load, displace- 
ment, level, etc., as well as fluid-pres- 
sure, can be recorded on one chart, 
and the control facilities associated 
with the recorder can be fully utilized. 
The work has been a joint effort by 
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Recorder 
transducer 


Salford Electrical Instruments Ltd. 
and Honeywell Controls Ltd. The 
recorder illustrated in Fig. 2 is the 
latter’s * Electronik ’. 


---to SPEED 


A facsimile tape recorder, required to 
store complex wide-band signals, must 
have the tape speed during replay 
equal to the speed of tape during 
recording. A method of achieving such 
synchronization is used in the D-944 
recorder of Muirhead (Fig. 1). 
During recording, a very stable 
1000 c/s signal, derived from a tuning 
fork, is recorded on a synchronizing 
track occupying half of the taps. 


Fig. 1 (left) Basic self-balancing circuit 


Fig. 2 (right) Modified recorder 


During replay this synchronizing sig- 
nal is taken off by the playback head, 
amplified, and passed to a phase-com- 
parator circuit which is connected to 
the stable oscillator. The synchronous 
motor which drives the tape is sup- 
plied with power by an oscillator con- 
trolled by the phase comparator cir- 
cuit. Hence, if tape stretch (e.g. due 
to temperature), causes a variation in 
the frequency of the synchronizing 
signal, the phase-comparator circuit 
applies a signal, proportional to the 
difference, through an amplifier to the 
synchronous motor, and regulates the 
replay speed so that it follows more or 
less exactly the speed of tape during 
recording. 


Fig. 1 Synchronizing circuit of facsimile recorder; 
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— BUSINESS 
Elec.-Mech. tie-ups 


Simon evade E.M.I. 

E.M.I. have been thwarted once 
again in their attempts to acquire in- 
creased mechanical know-how by 
purchasing an existing company of 
general engineers. As reported in Feb- 
ruary, they were beaten to the post in 
the race for Lancashire Dynamo by 
the Metal Industries Group, and, last 
month, CONTROL reported E.M.I.’s 
strong bid for Henry Simon. In the 
event, Henry Simon evaded take-over 
by merging with its partner in control 
of Simon Engineering, Simon-Carves. 
However, there is little doubt that 
E.M.I. will eventually succeed in 
marrying its enormous strength in 
electronics with the mechanical ex- 
perience necessary for systems en- 
gineering. 


Solartron-John Brown 

This trend towards the merging of 
electronic and mechanical firms is ex- 
emplified by the recent formation of 
a new company,  Solartron-John 
Brown Automation Ltd. This com- 
pany is owned jointly by John Brown 
and Co.—shipbuilders, civil and mech- 
anical engineers, and Solartron—elec- 
tronics, and has been formed to design 
and manufacture systems of automa- 
tion for the manufacturing, distribu- 
tive and consumer fields. It is under- 
stood that Solartron-John Brown 
Automation have the exploitation 
rights for the American Gumpertz 
automatic warehousing dispensing sys- 
tem in all countries outside America. 

The Board of the new company 
consists of four John Brown men, Sir 
Norman Hulbert (Chairman), Eric 
Mensforth, Frank Simon, and R. J. 
Barclay, and two Solartron men, 
Bowman Scott and Eric Jones. It will 
be recalled that Firth Cleveland re- 
cently acquired a 53-125% interest in 
Solartron. 


Winston goes American 


The total shares of Winston Electron- 
ics (which were privately held) have 
been sold to The Dynamics Corpora- 
tion of America, for cash plus a block 
of Dynamics’ shares. Winston Elec- 
tronics will continue to operate under 
its present management—F. Winston 
Reynoids (Chairman and Managing 
Director), Roger Laurence (Technical 
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from the world of control 


Director) and Joseph Samuels (Works 
Director)—-as a wholly-owned subsid- 
iary of Dynamics. The British sub- 
sidiary is to be the European sales and 
manufacturing base for Dynamics’ 
products, including their tropospheric 
scatter communications equipment. 
To quote from Winston’s statement: 
‘It is anticipated that Winston Elec- 
tronics Ltd. will also in due course 
manufacture for the Continent of 
Europe within the Common Market 
area. It looks as if The Dynamics 
Corporation does not intend to be 
squeezed out of a Europe which is all 
at sixes and sevens. It is likely that 
we may hear more of American com- 
panies using British and Continental 
firms as stepping stones to Europe. 


A.E.L's year 


Associated Electrical Industries sold 
goods worth £M208 last year and their 
report—the first since the completion 
of the re-organization which resulted 
in the disappearance of such well- 
known names as B.T.H., Metrovick 
and Sunvic—makes interesting reading. 
It appears that every £1 income is 
accounted for as follows: raw mater- 
ials, 8s. 6d.; wages and salaries, 
6s. 2d.; operating expenses, 3s. 9d.; 
depreciation, 64d. ; taxation 54d. ; pro- 
fits retained, 24d.; dividends, 44d. 


A.E.I’s A.G.M., at which Lord 
Chandos will review the year, is to be 
held on April 21. 


Blackburn's £264,000 orders 


During the past eight months Black- 
burn Electronics have received orders 
worth more than £264,000. Dr. Harry 
Fuchs, Director and General Manager 
of the company, commented: *.. . I 
expect our order book to top £M1 per 
annum in three years time.’ This en- 
couraging result, after only one year’s 
trading, seems to be due to increas- 
ing interest in data loggers, Black- 
burn Electronics’ chief product. The 
U.K.A.E.A. have installed one at 
Harwell and have four more on order 
for Chapelcross; one has been ordered 
for use with the radio telescope at 
Jodrell Bank; one is being used for 
research into steel smelting by United 
Steel; one is on order for Reckitt & 
Colman’s chemical production plant ; 
and the College of Aeronautics, Cran- 
field, have ordered an equipment for 
research on structures. 


Kent steer clear 


The entire capacity of George Kent 
is being applied to industrial instru- 
mentation, process control and mech- 
anical meters now that their Steering 
Gear Division has been transferred to 


TESTING AIRCRAFT VALVES. Saunders Valve's aircraft valve-testing rig at Hereford 
employs pneumatic instruments by Honeywell Controls for recording valve pressures 
and fluid-flow values 
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Cam Gears Ltd. Kent have manufac- 
tured steering gears for thirty years, 
supplying them to Cam Gears for the 
motor-car trade, and retain a 40° 
interest in that company. CONTROI 
understands that the growing com- 
plexity of the process control field 
has led Kent to undertake this rational- 
ization. 


Kamra now Standard 

Seton Creaghe Engineering’s parent 
company has changed its name from 
Kamra Investments Ltd. to Standard 
Industrial Group Ltd. This follows 
from Kamra’s acquisition of an issu- 
ing house known as Standard Indus- 
trial Trust. 


me PY 
Pioneer V's success 


America’s Pioneer V, the so-called 
Venus probe which was successfully 
released from the third stage of a 
Thor-Able launching rocket, fired 
from Cape Canaveral on March 11, 
is behaving much as expected. Apart 
from representing a rocket eng:ne>r- 
ing feat of the highest magnitude, 
Pioneer V's greatest contribution looks 
like being in the field of radio com- 
munications, for it is hoped in July to 
communicate with the vehicle at dis- 
tances of the somewhat staggering 
order of 50,000,000 miles. The vehicle 
was launched at 1 p.m. G.M.T., and 
at 1.25 p.m. G.M.T. a signal from 
Jodrell Bank caused fusion bolts con- 
necting the payload to the rocket to 
burn out. This released Pioneer V 
from the vehicle’s third stage and 
allowed it to continue in an orbit 
round the Sun between the orbits of 
Venus and Earth. 


Instrumentation 

The 26-in. diameter, 94-5-lb probe 
is expected to test the feasibility of 
long-range space communications, test 
a new method of measuring astrono- 
mical distances by triangulation and, 
by now conventional means, investi- 
gate radiation, count micro-meteor- 
ites, and determine the strength and 
direction of magnetic fields in space. 

A high-energy radiation counter will 
measure * hard’ radiation, particularly 
that from the sun. This consists of six 
argon-filled cylinders around a seventh 
cylinder, radiation particles ionizing 
the gas in one or more cylinders and 
so producing impulses depending upon 
the energy of radiation. Total radia- 
tion flux is measured by an ionization 
chamber and a Geiger counter which 
are particularly sensitive to tht medium 
energies. 

The number and momentum of 
meteorite dust particles striking the 
probe is measured by a counter con- 
sisting of a diaphragm on the satel- 
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lite’s surface and an internal micro- 
phone. Electrical impulses are thus 
produced for transmission to earth. 
There is also an aspect indicator, a 
photo-cell device which triggers when 
looking directly at the sun. * Fixes’ 
obtained in this manner should give 
more meaning to the measurements of 
magnetic fields and radiation. 


Communications 

The satellite contains ‘logic’ units 
which transform the various instru- 
ment-sensing actions into signals for 
transmission to earth, and a command 
unit capable of initiating ten func- 
tions. The satellite has two transmit- 
ters, a 5-watt model which should 
transmit for about 25 min. a day until 
Pioneer V is a * few million miles from 
earth, and a 150-watt transmitter 
which is expected to take over at ex- 
treme ranges and operate for a few 
minutes a day in order to conserve the 
batteries. When that happens, the 
5-watt transmitter will act as a booster 
for the 150-watt model. Silicon solar 
cells are employed in * paddle-wheel ’ 
formation to charge the batteries 
powering the equipment. 


Vanguard | still at it 


On March 17, 1958, the American 
earth satellite, Vanguard I, was 
launched into orbit. Over two years 
later it is still in. orbit, circling the 
earth every 134-°04min., and should 
remain in orbit for 200 years. Its 
5-mW transmitter is still transmitting 
experimental data on 108-03 Mc/s, 





The original Vanguard | earth satell:te 


(born March 17, 1958) is still trans- 
mitting data to Minitrack stations such 
as this at Fort Myers, Florida 


power being provided by six solar 
cells which ‘may last indefinitely. 
Vanguards II (launched February 17, 
1959) and III (September 18, 1959) are 
also in orbit. This speaks very well 
for the solar cell and gives every hope 
of Pioneer V’s making communica- 
tions history. 





—-NAVIGATION— 


Off-course alarm 


The Palm Line shipping firm have in 
stalled an ‘ off-course alarm’ in the 
Ilorin’ Palm. Developed by Sperry 
Gyroscope, this is a_ self-contained 
heading reference, quite independent 
of the ship’s gyro-compass, which 
gives audible and visual indications if 
the vessel deviates from the desired 
course, in either direction, by more 
than a pre-determined amount. 

As the device is expected to have an 
operating life of at least ten years under 
world-wide sea-going conditions, it is 
of simple and robust construction. It 
is powered by dry cells and based on 
a conventional liquid-filled magnetic 
compass. If the vessel deviates from 
the desired course, the magnet system 
of the compass closes a pair of elec- 
trical contacts mounted within the 
compass bowl. 


-—- PETROLEUM — 
Tank-gauging at Shell 


Shell Refining have ordered Gilbarco- 
Firth Cleveland automatic tank-con- 
tents gauges for 51 petroleum storage 
tanks at Stanlow and Shellhaven. Each 
tank will be equipped with a gauge 
connected to one of five Gilbarco re- 
mote reading receivers. Equipment for 
the remote reading of the average tem- 
perature of the tank contents is also 
to be installed. 

Firth Cleveland Instruments manu- 
facture the gauge and its ancillaries 
under licence from the American firm 
Gilbert and Barker, and CONTROL 
understand that in the U.S. the gaug> 
has recorded tank contents to better 
than = 1/,,in. — = 1/,,in. in the 
laboratory. It reads liquid level in feet, 
inches and sixteenths regardless of spe- 
cific gravity. It is power-actuated, so 
overcoming the friction effects com- 
mon with the use of pulleys, and also 
obviating problems connected with the 
weight of the measuring element at 
high and low liquid levels. 


Mobil Oil's blenders 


The fuel oil blending units at Mobil 
Oil’s Ellesmere Port Ocean Terminal 
(see Control in Action, page 136) are 
by Fisher Governor. The four in-line 
blending units use the principle of 
parallel metering of two fluid com- 
ponents and the establishment of equal 
pressures at the metering point. This 
method gives a high blend accuracy 
and requires no operating power. 
Mobil Oil wanted an accurate blend 
at a high rate of flow, and Fisher 
modified their existing blending unit 
to meet this requirement. ‘The units at 
Ellesmere Port have 10-in. heavy- and 
6-in. light-oil arms with a 12-in. out- 
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Two arms of a Fisher blender at Mobil 
Oil's new Ellesmere Port Ocean Ter- 
minal. The electrically-operated meter- 
ing valve is in the light-oil line 
let. To ensure homogeneity of blend 
at the outlet, and before the control- 
ler’s measuring point, a mechanical 
mixer has been installed. Each blender 
has a Smiths viscosity controller. 


-ELECTRONICS— 
E.1.C. formed 


The last vestiges of control by the 
Radio Industry Council of the capi- 
tal-goods electronics industry, would 
appear to have been severed now that 
the Electronics Industry Council has 
been formed. There has been dissatis- 
faction with the R.I.C. among the 
industrial and professional electronics 
manufacturers for many years, it being 
felt that the Council was dominated 
by the radio and television receiver 
people. This suggested preponderance 
of interest in the domestic market was 
felt to make the R.I.C. unsuitable for 
acting as the official spokesman for 
the so-called professional electronics 
industry. In fact, the R.I.C. has been 
little concerned with the professional 
side of electronics for over a year— 
since the Electronic Engineering Asso- 
ciation left that body. 

Now the E.E.A., the Radio and 
Electronic Component Manufacturers 
Federation and other (unnamed) bodies 
have set up the Electronics Industry 
Council. This is concerned with the 
manufacture in the U.K. of electronic 
components, apparatus and equipment 
except for those used in the broad- 
cast radio and television receiving in- 
dustry and for public telephone ser- 
vices. The E.L.C. covers electronic 
instruments, sound and television trans- 
mitters, radio communication, radar 
and radio navigational aids, computers, 
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industrial electronic control equipment, 
industrial television and the com- 
ponents used in such equipment. The 
E.LC. is at 11 Green Street, London, 
W.1. 


DATA PROCESSING 
Transistorized Pace 


A new completely-transistorized ana- 
logue computer of small dimensions 
and low power consumption (60 W) 
was demonstrated recently by Elec- 
tronic Associates, manufacturers of 
Pace. Available for sterling from the 
British subsidiary, Electronic Asso- 
ciates Ltd., the new TR10 computer 
has been designed more as a bench 
tool for the engineer or research 
worker than as a special-purpose faci- 
lity. Its accuracy is understood to be 
0-1%, and it is made up from operat- 


Electronic Associ- 
ates’ Trio analogue 
computer may be 
used as a_ bench 
tool by the engin- 
eer or research 
worker 


ing elements capable of the mathema- 
tical operations met in routine engin- 
eering work. Besides linear opera- 
tional elements for addition, integra- 
tion and multiplication by a constant, 
it has non-linear elements including 
quarter square multipliers, function 
generators and relay comparators. 
These are plugged into the chassis and 
are, therefore, easily replaceable. Prob- 
lems are plugged in to the machine 
under the patch-panel system. 


Short machine for Queen's 


The Department of Aeronautics of 
Queen’s University, Belfast, is now 
using a Short eight-amplifier comput- 
ing unit for research into control sys- 
tems. Together with complementary 
computing equipment designed and 
built by the University itself, the Short 
amplifiers are used in conjunction with 
other equipment to form a simple 
eight-amplifier analogue computer. 
The unit is based on the sucessful 
amplifier design employed in the Short 
Simlac machine. This is a printed-cir- 
cuit amplifier of particular value in 
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special computing equipment. Its drift 
figure is 10 microvolts and it has a 
good dynamic response. 


ee 
e ’ 
Bisra's programmed forge 
The completely automatic forging of 
steel under a _ pre-calculated pro- 
gramme has just been successfully 
demonstrated—probably for the first 
time ever—by the British Iron and 
Steel Research Association in Sheffie!d. 
Forging is carried out by a preci- 
sion-controlled 200-ton press _inter- 
locked with a fast, remote-controlled, 
experimental manipulator capable of 
longitudinal, rotational and lifting 
movements. Electrical controls had 
been developed before this for both 
press and manipulator, and these en- 
sure fast, accurate operation and syn- 





chronize the movements of the two 
machines. During the forging process, 
both press and manipulator are con- 
trolled by a programme unit on which 
every detail of the schedule of forging 
operations has been set up. In this 
forging schedule, the upper and lower 
limits of the squeeze for every pass are 
given, the manipulator feed between 
strokes is selected and the manipula- 
tion necessary between passes is also 
stored. The control unit signals instruc- 
tions to the press and to the manipu- 
lator in the appropriate sequence. 
The finished forging in many 
respects exceeds the best current in- 
dustrial standards for dimensional pre- 
cision. However, the job may be 
accomplished twice as fast as it 
would by a highly-skilled forging crew. 
CONTROL understands that even faster 
working will be practicable shortly. 
The forging schedules are calculated 
in advance, from a theory of the 
change in shape during forging which 
had been worked out at Bisra. 
According to the Association, there 
are probably more forging presses on 
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order in this country than at any pre- 
vious time; this development of auto- 
matic working, therefore, offers the 
forging industry a great opportunity 
to place itself ahead of foreign com- 
petition. 


—ELECTRICIT Y— 


Automatic generation 


The South Western Electricity Board 
is to commission a remotely-controlled 
3 MW turbo-alternator at Lynton. 
This, like the recently opened station 
at Princetown, South Devon (see 
Control in Action, January 1960), will 
be remotely-controlled from area 
headquarters at Bristol, by the Dato- 
fonic equipment of Sound Diffusion 
(Auto-thermatic) Ltd. Operating over 
normal Post Office lines, the Datofonic 
equipment will automatically call 
Bristol if a fault occurs or, alterna- 
tively, can be interrogated from 
Bristol. The system will include two 
remotely-controlled distribution sub- 
stations in the Bristol telephone area 
(Filton Road and Cairns Road) and 
supervisory equipment will be installed 
at the Midsomer Norton distribution 
switch and transformer station. 

All the new equipment will operate 
through the control panel already in- 
stalled in the Bristol control room— 
the original panel could cater for 
twenty similar units. Control over cir- 
cuit breakers, together with telemeter- 
ing facilities, will be provided at Filton 
and Cairns Road. Midsomer Norton 
will automatically telephone Bristol if 
anything goes wrong, or may be in- 
terrogated from Bristol or from any 
other telephone in the national net- 


work. 
PNEUMATICS— 
S.LT.’s Informal Evening 


The Society of Instrument Techno- 
logy are to hold an Informal Evening 
on ‘Novel Pneumatic Devices and 
Applications’ at the Northampton 
College on April 13. It appears that 
there has been some criticism of cer- 
tain papers because of a lack of appeal 
to many members. The pneumatics 
meeting will cover practical ground 
and, if this approach is successful, the 
S.LT. hope to arrange a similar evening 
during the next session. The meeting 
will consist of short talks in which 
some device may be demonstrated, 
followed by a question period and dis- 
cussion. The programme will cover 
novel arrangements of pneumatic ser- 
vomotors, novel arrangements of elec- 
tro-pneumatic transducers, control 
valves with electro-pneumatic trans- 
ducers, novel pneumatic devices for 
heating and ventilating, the pneumatic- 
ally-operated tube bore gauge, and 
pneumatic sine wave equipment. 
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—MACHINING-—— 
Air-gauging at Sperry 


The accurate machining called for in 
producing the Sperry electro-hydrau- 
lic servo valve was a problem to the 
company’s production engineers, but 
it is vital that the spool shoulders 
should mate properly with the cylin- 
der liner ports. This necessitated the 
separate grinding of each of the valve’s 
four lands, with individual checking 
in a calibration fixture and subsequent 
re-grinding until perfect matching was 
achieved. 

This time-consuming process has 


been overcome by their design of an 
air-gauging system, and its manufac- 
ture by Thomas Mercer, which enables 





Air-gauging enables the four lands of 
Sperry servo valves to be ground with- 
out removing the spool from the grinder 
all four lands to be ground to 0-0002 in. 
without removing the valve from the 
machine. A ‘ shoe’ is placed over the 
spool valve so that it bears on the 
valve’s shoulders opposite to the grind- 
ing wheel. In the shoe are drilled four 
holes, each connected to an air supply 
and each with a sensitive pressure 
gauge ‘teed’ into the pipeline. When 
the exact amount of metal has been 
removed from the land, the air flow 
is de-restricted to give a known pres- 
sure drop. The gauges give a steadily 
decreasing reading as metal is removed 
and indicate exactly when the job is 
ground to size. 


—ATOMIC POWER— 
E.M.I. simulator for Italy 


A difficult problem for the designer 
and operator of nuclear reactors, is 
to ascertain how the reactor’s coolant 
circuits would behave under condi- 
tions, such as the sudden failure of 
the circulating pumps. These poten- 
tially-dangerous conditions cannot, of 
course, be studied on the reactor itself, 
but design information can be 
obtained from a conventional analogue 
computer used as a simulator. The 
electronic simulation of variable trans- 
port lags is, however, difficult and 
E.M.I. Electronics have recently sup- 
plied to the Centro di Studi Nucleari 
di Ispra, Milan, a variable time-delay 


unit which is said to solve this prob- 
lem very accurately. 

Data can be delayed by a continu- 
ously-variable amount determined by 
the voltage applied to a ‘delay con- 
trol’ input, which controls the speed 
of a loop of magnetic tape passing 
pre-set positioned record and replay 
heads. The total range of delay is 
0-1 to 10s, in three ranges, and two 
separate information channels are 
provided. 

By the use of a precision pulse- 
width modulation recording system, 
delay is made continuously variable 
in conjunction with tape speed, with- 
out amplitude distortion. 


IN BRIEF 


Marconi-India agreement for the 
manufacture under licence of Marconi 
designs in India has been signed by 
the company and the Indian Govern- 
ment. 


Comet IV simulator by General Pre- 
cision Systems has been shipped to 
South America for Aerolineas Argen- 
tinas. G.P.S. have also contracted to 
supply a flight simulator for the Boe- 
ing 707-048 to Aer Lingus. 


Hagan Controls are now at 14 Gros- 
venor Place, London, S.W.1; telephone: 
Belgravia 6382. 


Servo motors, servo components and 
miniature relays by Siemens Halske 
are now marketed in the U.K. by 
B. & R. Relays Ltd. 


Data-transmission questionnaire _ is 
being sent to 350 computer users and 
potential users by the Post Office. 


National Engineering Laboratory is to 
hold Open Days on June 15 and 16, 
Applications: The Director, National 
Engineering Laboratory, East Kilbride, 
Glasgow. 


Ferrites—their Principles, and Appli- 
cation: a course of six lectures will be 
given at Norwood Technical College 
by J. Roberts of Imperial College on 
Tuesday evenings commencing May 
10. Details: Norwood Technical Col- 
lege, Knight’s Hill, West Norwood, 
London, S.E.27. 


ILF.A.C. Moscow. Applications for 
representation at the first International 
Congress on Automatic Control, Mos- 
cow, June 27-July 7, should be sent with- 
out delay to the Hon. Sec., Group A, 
B.C.A.C., c/o The Institution of Mech- 
anical Engineers, 1 Birdcage Walk, 
London, S.W.1. The estimated cost of 
Conference Fee, travelling and subsis- 
tence will be of the order of £200 per 
delegate. 


I.B.M. 709 data processing system with 
12 magnetic tape units is to be in- 
stalled in the C.E.G.B.’s London offices 
in June 1960. 


CONTROL April 1960 


ERP 


oo 












CC 





inu 
| by 
>on- 
eed 
sing 
play 
y is 
two 
are 


ulse- 
item, 
lable 
with- 


the 
rconi 
d by 
vern- 


Pre- 
d to 
rgen- 
ed to 

Boe- 


Gros- 
hone: 


; and 
lalske 
.. by 


e is 
s and 
ce. 

y is to 
id 16. 
tional 
bride, 


A ppli- 
vill be 
‘ollege 
ge on 

May 
1 Col- 
‘wood, 


is for 
ational 
, Mos- 
t with- 
yup A, 
Mech- 
Walk, 
cost of 
subsis- 
100 per 


m with 
be in- 
offices 


1960 








MECHANICAL 
HANDLING 
EXHIBITION 


the applications of Ermeto 
high pressure couplings 
are practically unlimited 


Ermeto high pressure couplings are specified by 
many leading manufacturers because of 
their proven reliability under arduous conditions. They are 
available in mild and stainiess steel, brass and aluminium alloy. 

Couplings, valves and flexible hose are supplied in 

a wide range of standard fittings. Non-standard 

fittings can also be made to meet your specifications. 

Technical information and our illustrated catalogue 





are freely available on request. 


BRITISH ERMETO CORPORATION LTD 
a ia wy ETO HARGRAVE ROAD - MAIDENHEAD - BERKS - TELEPHONE: MAIDENHEAD 5100 


A member of the ALENCO Group of Companies 
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ELECTRONIC TANK-GAUGE 


servo-controlled 
Shortly to be made in England, under 
licence from the U.S.A., is a tank gauge 
claimed to indicate liquid level to within 
js in. 

The sensing element in a small cylin- 
der with a jin. aerial projecting from 
the lower end, which maintains a fixed 
penetration below the surface of ,, in. 
Very small radio signals are transmitted 
from a control unit to the aerial, which 
emits a return signal inversely propor- 
tional to penetration depth. Variations of 
return signal are detected and fed to an 
electric servo unit which raises or lowers 
the cylinder to maintain the }; in. pene- 
tration. The servo unit operates a mech- 
anical indicator, with a scale graduated 
in sy in. steps. 

The Gilbarco gauge, to be made by 
Firth Cleveland, is corrosion resistant 
and enclosed in an explosion-proof box. 
It will operate in tanks of all types at 
temperatures up to 425°F. 

Tick No 523 on reply card 


TEMPERATURE INDICATOR 


self-balancing 
Up to 300 ft of cable between the resist- 
ance bulb and indicator may be used 
with this instrument without affecting 
calibration or accuracy: 4-way cable is 
used so that line resistance is added 
equally to either arm of the bridge. 





For remote temperature indication 


An oscillator provides a signal voltage 
at 2kc/s in order to avoid errors due 
to 50c/s-mains pick-up by the signal 
cable. 

For standard models meter span is 
normally 500°C between — 200 and 
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+ 500°C; special models are available 
with suppressed zeros, and covering spans 
down to 50°C. Scale length is over 13 in., 
and power consumption for transistor 
circuitry and servo-motor is 700mA at 
12 V d.c. 

Made by Fielden in the Bikini range, 
who also make power supplies suitable 
for one or more such instruments. 

Tick No 524 on reply card 


WAVE ANALYSER 
wide frequency-range 


The frequency range of this unit is from 
5-300 Mc/s, covered in six switched 
bands. Second harmonics may be meas- 
ured up to 55 dB down, and higher har- 
monics up to 70 dB down, provided that 
the fundamental signal does not exceed 
the specified input level. 

Attenuation is provided in both hf. 
and i.f. stages, and the meter is calibra- 
ted —2 to +24dB, so interpolating the 
2 dB steps of the if. attenuators. Accur- 
acy of scale calibration is given as +2% 
on all ranges. Input level limits are 54V 
to 15mV rms., or up to 1-5V rms. 
when using the two external h.f. attenu- 
ators: these figures refer to e.m.f.’s from 
a 752 open-circuit source. 

The model 248, made by Airmec, 
works from any 50-60 c/s supply at 100 
130 V or 200-250 V. 

Tick No 525 on reply card 


BOILER REGULATOR 


for industrial installations 


A furnace pressure-regulator for opera- 
tion in conjunction with a damper motor 
employs a diaphragm-operated floating 
change-over contact which may be used 
for on/off control of one or two motors 
as required. 

It is calibrated in three ranges: 0 to 
- 1-5, + 0:75 to —0-75, and 0 to + 1-5 
in. water gauge, and response rate is vari- 
able between 0-75 and 10 seconds. Mini- 
mum differential is 0-25in. w.g. adjust- 
able to a minimum of 0-2 in. w.g. 

This furnace pressure regulator is by 
Teddington Industrial Controls. 

Tick No 526 on reply card 


MINIATURE MOTOR 


low current consumption 
Designed for use in portable battery- 
operated equipment, a maximum torque 
of 15gcem is available from a motor 
24in long and {in. in diameter. It will 
operate at voltages from about 3V to 





High torque for small current 


9V (maximum), full-rating current being 
155 mA at a speed of 4300 rev/min. Stall 
current and torque at 9V are 500mA 
and 50gcm respectively. 

The end housings, and shaft sleeve- 
bearings, are made from nylon, hence 
require no lubrication. It is claimed by 
the makers, R. B. Pullin, that the Milli- 
motor has an efficiency of 50%, and will 
work satisfactorily at temperatures up 
to 50°C. 

Tick No 527 on reply card 


TRANSISTORIZED RELAY 


sensitive to minute inputs 
The 3-stage silicon-transistor amplifier 
used with this relay operates at a signal 
current of 15 “A, and will withstand an 
overload of one hundred times. It is said 
to operate at ambient temperatures of 
up to 65°C. 

The overall dimensions of the com- 
plete unit are 2 X 14 X I} in., the relay 
plugging into the amplifier. Contacts 
and connectors are gold-plated, and the 
printed circuit fits into a standard polar- 
ized 18-way socket. 

The amplifier requires a power input 
of 12 V d.c. at 30 mA. The transistorized 
relay is available from B. & R. Relays. 


Tick No 528 on reply card 


FREQUENCY METER 


for impeller-type flowmeters 


Designed for use with flowmeters and 
transducers giving pulsating electrical 
outputs, this transistorized unit is said 
to have an overall accuracy better than 
0-75%,. Principle characteristics are as 
follows: input signal range, 10mV to 
10V (r.m.s.) maximum; output, 1 mA 
into 1002, 100 mV into load greater than 
4002; frequency ranges 10-200, 10-1000 
and 10-5000 c/s for full scale deflexion. 

The SE 700 may be operated by a 9V 
battery, or from 200-250 V a.c. mains; 
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Choose your equipment 
from this new comprehensive range 


Kelvin Hughes ultrasonic flaw detection instruments and probes are 
available for all-manual, semi-automatic and automatic testing 
techniques. High performance and versatility are obtainable with 
this comprehensive range of competitively-priced equipment, designed 
for laboratory work as well as routine inspection schedules. Auxiliary 
units include Automatic Flaw Alarms, Depth Gauges, Probe Holders 
and Manipulators. 


TWO-CHANNEL FLAW ALARM 


This portable auxiliary unit, designed specifically for use with KELVIN 
HUGHES Flaw Detectors, provides automatic monitoring facilities which 
hitherto were obtainable only with larger, more expensive equipment. 
Significant defects are identified automatically and are indicated by 
warning lights and alarm devices. 

PRINCIPAL ADVANTAGES: 

e Removes the onus of signal discrimination from the operator e Reduces 
operator fatigue e Reduces inspection time e Reduces inspection costs 
TECHNICAL FACILITIES: 

e Simultaneous examination of two independent regions in the material e Auto- 
matic indication of the presence of flaws within these regions e Independent 
adjustment of the depth of each region under inspection e Independent adjust- 


ment of the position of each region e Independent adjustment of the sensitivity 
within each region 





aM 


a 
CUE eh 


Flaw Detectors, Marks SF, SAF. 





The Flaw Alarm Unit weighs only 20 Ib. (9.1 kg.) and the 
Flaw Detector only 28 Ib. (12.7 kg.), thus a completely 
semi-automatic inspection equipment, which can easily be 
carried by a single operator, is now available. 





Flaw Detector Mark 6. Trolley Two-Channel Flaw Probes. Extensive development 
Portable instruments with similar mounted transportable equip- Alarm. For use with Mark by Kelvin Hughes has resulted 
basic specifications. The 5F is a ment, very powerful and versa- 5 instruments, a portable in a range of standard probes 
multi-frequency instrument for use tile for use with all types of auxiliary unit providing having either single, twin or 
with twin or separate type probes, probes and having an exception- semi-automatic monitor- separate transducers, and a 
whilst the SAF, a single frequency ally wide frequency range and ing facilities which identify very high performance through- 
instrument, either 14, 24 or 5 Mc/s. high sensitivity. and give warning of signi- out. 
Also operates with single type probes. ficant defects. 


(Shown with Depth Gauge attach- 
ment). 


AUXILIARY EQUIPMENT 


Includes a Depth Gauge for use with all instruments and 
which will measure thicknesses between 0.1 to 4 ins. with high 
accuracy. Probe Holders with irrigation facilities for large 
surface scanning, and remote Probe Manipulators. 


KELVIN HUGHES 


KELVIN & HUGHES (INDUSTRIAL) LIMITED 
Kelvin House, Wembley Park Drive, Wembley, Middlesex 
60-72 Kelvin Avenue, Hillington, Glasgow, SW2 


KHels 
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iNew tor Control] 


The SE 700 measures frequencies up to 
5 ke/s 


the power pack is stabilized against mains 
fluctuation of + 15%. Weight is about 
91b, dimensions are 104 X 5} X 6in. 
A special model, the SE 710, is avail- 
able for use where weight and size are 
dominant factors. This has a frequency 
range of 10-1000 c/s, with an output of 
SV dc. for a 1000c/s input between 
10mV and 10V (r.m.s.), and an output 
impedance greater than 10,000 2. Weight 
is 18 oz., dimensions are 2 X 2} X 2} in., 
and accuracy claimed is + 0-5%. Power 
supply needed is 22-29V at 15 mA. 
Made by S.E. Laboratories, both 
models have input impedances of 
15,0002 and are temperature-compen- 
sated over wide ranges. 
Tick No 529 on reply card 


RECORDING CONTROLLER 


potentiometer type 


Temperature ranges between wide limits 
are covered by this recorder to an accu- 
racy given as 0-25% of span. Thermo- 
couples give a variety of ranges from 
0-250°C to 0—-1200°C (Ni-Cr/Ni-Al), and 
0-200°C to 0-600°C (I/C); resistance 
bulbs give ranges of 0-400°F and — 100 
to + 100°F. 

Sensitivity is 0-15% of span, and the 
chart speed is 1 or 2in./h: chart life is 
one month at the lower speed. Ranges 
are changed by printed-circuit plug-in 
units, minimum and maximum _ spans 
being 5mV and 100 mV respectively. 

Supplied by Ether Ltd., the ‘ Xactrol ’ 
control contacts are rated 230 V, 3 A a.c., 
control point setting being made from 
the front panel and indicated on the 
main scale. 

Tick No 530 on reply card 


COMPUTER SYSTEM 


self-contained unit 
A transistorized computer system with a 
memory of 8008 words is a general-pur- 
pose digital computer able to handle both 
engineering and business applications. 
The basic system weighs less than 
1000 Ib. 
Standard input-output equipment for 
the RPC-4000 is a tape typewriter system, 
complete with typewriter, desk and 
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punch-read console, all designed as one 
unit. Made by Royal McBee, it will be 
available in this country next year, and 
will cost between £40,000 and £100,090, 
depending on requirements. 

Tick No 531 on reply card 


ALTERNATING-CURRENT DETECTOR 
for 10 c/s—200 kc/s 


A clip-on probe permits the detection of 
current in a conductor without interrup- 
ting the circuit. This has been reduced 
to the dimensions of a large crocodile 
clip, and is mounted at the end of a 
flexible lead to facilitate insertion in 
otherwise inaccessible locations. 

The clip-on probe forms the secondary 
of a transformer, whose (single-turn) 
primary is the current carrying-conduc- 
tor. Negligible impedance is reflected 
back into the circuit under test, and 
special feedback arrangements provide a 
voltage-output proportional to the prim- 
ary current over the frequency range 
from 10c/s to 200kc/s. The amplified 
signal from the output terminals may 
be fed to a valve-voltmeter for current 
measurement, or to a c.r.o. for wave- 
form monitoring. 

The sensitivity control has three set- 
tings, and provides an output of 1 V for 
inputs of 50 mA, 1 A or 20 A. Maximum 
output is 1 V into 10k, and accuracy 
is said to be + 3% above 1 mA. 

Made by Dawe, fhe 618 A.C. is fully 
transistorized, and may be mains or bat- 
tery operated; weight is about 6 lb. 

Tick No 532 on reply card 


PROGRAMME-CARD CONTROLLER 


with 12 separate outputs 

By feeding in a pre-cut card, this unit 

will dictate a complete cycle of events 

through twelve individual channels: 5-A 
switches may be fitted. 

The minimum time for a complete 

cycle is 75 seconds, extra long cards being 


Twelve-channel control 


available for cycles up to twenty days in 
length. Accuracy to which a programme 
can be cut is claimed as 1% of total 


card timing, and with a fast-moving card 
the shortest time a contact can remain 
closed is 200 ms. 

The unit may be supplied with a re- 
versible motor, and can provide continu- 
ous cycling either by arranging a fast 
(30s) run back at the end of a cycle, or 
by reversing at the end of a cycle and 
repeating the cycle on other tracks during 
the reverse. 

Made by Engel and Gibbs, who plan a 
24-track version in the near future. 

Tick No 533 on reply card 


MULTIPLE-DISK CLUTCH 


electrically operated 
A new multiple-disk oil-type electric 
clutch is available for the first time in 
Britain. These clutches have been devel- 
oped to answer the demand of machine 
tool builders for an electrically actuated 
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Designed for rapid cycling 


clutch for oil operation, that has high 
torque-capacity, with compact size, and 
stands up to rapid cycle operation. 

The range available covers seven 
standard clutch sizes ranging from one 
with a friction surface diameter of 3 in. 
and a torque rating I h.p. per 100 rev/ 
min., to one with a friction surface 
diameter of 8 in. and a torque of 15 h.p. 
per 100 rev/min. 

Power for excitation ranges from 16 
to 24 watts depending upon size, and 
fields are available for either 6 or 90 
volt operation. Made by Westool. 

Tick No 534 on reply card 


MINIATURE AIR VALVES 


solenoid-operated 
A range of miniature solenoid-operated 
air-valves, employing balanced-spool— 
floating-sleeve valving action, is suitable 
for the operation of small air cylinders. 
Where high piston speeds are not re- 
quired they will operate cylinders up to 
4 in. bore. 

Operating speeds of 450 and 600 
operations per minute are quoted for 
continuous and intermittent working 
respectively. Vacuum or air pressures 
may be used up to 300 1b/in?. The sole- 
noids are rated for continuous operation 
and may be held energized if necessary: 
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PNEUTECHNIQUE 


air-operated proportional control gives 
instant, flexible, reliable control of processes 

















Negretti & Zambra air-operated proportional 
controllers are eminently suitable for all applications 
requiring a simple but efficient form of control. 


Negretti & Zambra have made an extensive study 
of the many problems involved in the application 
of automatic control to industrial processes; their 
range of controllers is one of the widest available 
and has been designed after many years of close 
co-operation with the industries concerned. 


® WIDE VARIETY OF CONDITIONS 


These instruments control temperature, pressure or 
vacuum, humidity, liquid level, specific gravity 

of liquids and many other conditions. 

We illustrate a single-pen recording controller 

of the proportional type. 


® ADVANTAGES OF COMPRESSED AIR 
OPERATION 


Compressed air is easily and cheaply produced, 
easily cleaned, dried and disposed of by venting; 
it is non-corrosive and causes no wear on the 
component parts of the controller. Performance is 
virtually unaffected by variations in temperature. 
Above all, compressed air offers great flexibility 
of action. 





























® ROBUST CONSTRUCTION 


These controllers are designed to withstand adverse 
operational conditions. The practical design, 
construction and first-class workmanship make 
possible a full guarantee for two years. 












® SIMPLICITY OF PRINCIPLE 


This and simplicity of design result in a sustained 
accurate performance; adjustment and 
maintenance are remarkably easy. 


© HIGH SENSITIVITY AND RAPID ACTION 


Only a very small change in the controlled 
condition is required to actuate the instrument 
and so restore the required conditions. 


? HIGH-EFFICIENCY MEASURING UNITS 


‘Lhe mercury-in-steel system fitted to temperature 
controllers is unaffected by vibration and 
varying barometric pressure. 


The elements fitted to pressure controllers are 
sensitive but extremely reliable — diaphragm types 
have been designed to minimise friction, backlash 
and hysteresis; Bourdon tubes have been developed 
to provide a very high degree of accuracy during 
years of service. 






















We will be pleased to send you a copy of our 
fully illustrated booklet No. R30/IP on 
your request. 


NEGRETTI 


THE NAME THAT MEANS PRECISION ALL OVER THE WORLD 













Factories at Barnsbury, London N.1; Aylesbury . Bucks; 
Chobham, Surrey. 

Head Office: 122 Regent Street, London W.1. 

Telephone: REGent 3406. 

















Agents or subsidiaries in all major countries. 
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'New for Control] 





Fast operation, low power-consumption 


for 230 V a.c. supply, holding current is 
about 0-125 A, and surge current during 
actuation is below 0-5 A. 

Valves are tapped for }in. pipe, and 
spool and sleeve are made of stainless 
steel: body is corrosion resistant alumin- 
ium. 

Made by T.A.L. Numatics, the 1 SGA 4 
has dual exhaust ports to permit throttling 
of exhaust for speed-control in either 
direction of piston movement. 

Tick No 535 on reply card 


D.C. AMPLIFIER 


as in Simlac computer 
The high-gain printed-circuit amplifier 
incorporated in the Simlac computer is 
now available as a single unit. It con- 
sists of a three-stage main amplifier sec- 
tion having a d.c. gain greater than 10°. 

The noise level on input is less than 
200“V, and the drift figure quoted is 
10“V. At unity gain, achieved with the 
associated computing resistances, the 
amplifier response is 3dB down at 
16 kc/s. The zero-set control is mounted 
on the front panel of the amplifier, and 
to balance the unit it is used with the 
neon overload indicator. 

Principal characteristics are as follows: 
open loop d.c. gain, 105; phase shift up 
to 100c/s at unity gain, 0-05; drift over 
24 hours at unity gain, better than 10 xV; 
ouput at 10mA, + 100 V; noise in input 
on bench, 100“V. Further information 
obtainable from the makers, Short Bros. 
& Harland. 

Tick No 536 on reply card 


VOLTAGE SUPPLY 


to provide stable reference 


A solid-state d.c. reference source, de- 
signed for use with electronic self- 
balancing recorders, indicators and con- 
trollers, provides a stable, ripple-free 
output of 5-0 mA at 5 V for the slidewire 
of the instrument measuring circuit. 
Two zener-diode stages in cascade re- 
duce the effects of normal supply varia- 
tions by a factor of over 200, while in- 
dividual temperature compensation of 
these stages ensures that the output is 
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substantially independent of changes in 
ambient temperature between 10 and 
70°C. An inherent advantage claimed is 
that the unit will operate with only 
slightly reduced accuracy if the supply 
voltage is reduced to as little as 30% 
of its nominal value. Supply may be 200- 
250 V by six-position selector: consump- 
tion is approximately 3 VA. 

The d.c. output is isolated from earth, 
and a screened and balanced mains trans- 
former effectively isolates it from the 
mains supply. This feature is of value in 
certain measuring circuits having a finite 
impedance to earth. 

Made by George Kent, the accuracy is 
given as 0-05°% at 40°C ambient and 
normal supply voltage. 

Tick No 537 on reply card 


TRANSISTORIZED COUNTER 


with six-figure display 
The frequency standard of this electronic 
counter is an oven-controlled 1-Mc/s 
crystal oscillator, claimed to have an 
accuracy when mains-operated) of + 1 
part in 10® at 25°C, and +5 parts in 
10° over the range 0 to 40°C. 

Facilities are provided for the direct 
measurement of frequency up to | Mc/s, 
for measurement in a range of time units 
of the duration of 1 or 10 periods of 
the incoming wave-form, for the counting 
of regular or random electrical pulses, 
and for the measurement of time from 
1 microsecond to 2777 hours (107 
seconds). Timing pulses, from 0-1 to 106 
p.p.s. in decade steps, are available as 





Output for external recorder 


an output from the counter. The fre- 
quency measuring period is 0-1, 1-0 or 
10 seconds, and the display time is from 
1 to 5 seconds or hold, with manual or 
automatic repetition of count. Self- 
checking facilities are incorporated for 
testing both counter chains, and provi- 
sion is made for the connexion of an 
external recorder. 

The input impedance is 100k, with 
a sensitivity of 300 mV r.m.s. Maximum 
input signal is 250 V a.c. or SOOV d.c. 
The TCl measures 12 X 9 X 6in., and 
is made by Advance Components. 

Tick No 538 on reply card 














LUBRICATION CONTROL 


for air-powered machines 
Three units comprise a system for pro- 
viding clean air and lubrication to air 
powered tools, drills etc. They are, in 
order, a moisture separator, to remove 
water vapour and impurities frequently 
present in compressed-air lines; a pres- 
sure-reducing valve, which automatically 





Automatic pressure control 


adjusts pressure to the pre-set figure on 
the gauge; a lubricator which provides 
lubrication by means of an airborne oil 
fog. 

Made by B.E.N. Patents, the 
Controlube unit is available for } and 
din. B.S.P. 

Tick No 539 on reply card 


MILLIVOLTMETER 


automatic polarity sensing 


Features of a d.c. millivoltmeter are high 
input-impedance and a wide variety of 
ranges. Voltages are covered in two 
spans: 100 “V-10V f.s.d. in 11 ranges, 
with input impedance 1 MQ, and 10mV 
to 1000 V f.s.d., also in eleven ranges, 
with input impedance of 100 MQ. 
Twenty-two current ranges cover 100 “uA 
to 10 HA f.s.d. The meter is automatically 
switched to the polarity of the voltage 
or current to be measured, which is in- 
dicated by two luminous columns. 
Scale length is Sin., and an internal 
standard source simplifies calibration. 
Accuracy is given as 5% f.s.d. in the 
0-100 uV range; 3% f.s.d. in other ranges. 
The Philips GM 6020 will operate on 
any normal mains supply at 40-100 c/s; 
distribution by Research and Control 
Instruments. 
Tick No 540 on reply card 


QUICK LOOKS 


A series of high-altitude silicon cartridge 
rectifiers covers the p.i.v. range from 600 
to 10,000 V. They are ceramic-encased to 
prevent surface creepage and minimize 
flashover problems encountered in high- 
altitude operation. Units tested to 
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ICT 1202 


CONTROL April 


The 1200 series 
THE MOST 
WIDELY USED 
COMMERCIAL 
COMPUTERS 
IN BRITAIN 


Users say... 


*30,000 stock items held 
throughout the U.K. 
accurately reviewed each 
month, correcting unbalance, 
excesses and shortages, and 
considerably reducing the 
stores holding.’ 


‘Positive control has reduced 
work in progress by 55%, 
the production cycle by 40%, 
and shortages by 80°.’ 


‘With two computers we 
processed 2,048,000 subsidy 
claims last year totalling 
£47 million, and payment 
was much quicker.’ 


The 1202 general-purpose com- 
puter is a tried and proven 
success in companies both large 
and small. It is the latest in a 
series that has already exceeded 
more than half the combined 
sales of all other commercial 
computers ordered and 
delivered in Great Britain. 


ASK FOR I-C-T SERVICES Special- 
ist Advice, Films, Education, 
Training and Demonstrations. 
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Some users of 


1201 and 1202 
computers 


THE MORGAN CRUCIBLE CO. LTD 

MONSANTO CHEMICALS LTD 

BRITISH RAILWAYS, WESTERN REGION 

I.CI LTD (ALKALI DIVISION) 

MINISTRY OF SUPPLY, CHESSINGTON 

PROVINCIAL ADMINISTRATION OF THE 
CAPE OF GOOD HOPE 

IRISH SUGAR CORPORATION 

SHELL REFINING COMPANY LTD 

O.K. BAZAARS (1929) LTD, SOUTH AFRICA 

GUEST, KEEN & NETTLEFOLD 
(MIDLANDS) LTD 

WEST RIDING OF YORKSHIRE COUNTY 
COUNCIL 

THE GENERAL ELECTRiC CO. LTD, 
BIRMINGHAM 

MINISTRY OF AGRICULTURE, 
FISHERIES AND FOOD 

MIDDLESEX COUNTY COUNCIL 

SOUTH WESTERN REGIONAL HOSPITAL 
BOARD 

1C-’T LTD, LETCHWORTH 

BRITISH TIMKEN LTD 

COMMONWEALTH BUREAU OF CENSUS 
STATISTICS, AUSTRALIA 

H.M. STATIONERY OFFICE 

BRITISH RAILWAYS, DARLINGTON 

GENERAL POST OFFICE 

GENERAL MOTORS S.A. LTD 

PILKINGTON BROTHERS LTD 

NOTTINGHAMSHIRE COUNTY COUNCIL 

BRIGHTON CORPORATION 

BIRMINGHAM CORPORATION 

MINISTRY OF FINANCE, NORTHERN 
IRELAND 

1-C-T LTD, CASTLEREAGH 

H.M. NAUTICAL ALMANAC OFFICE 

NOBLE LOWNDES & PARTNERS 

MONTAGUE BURTON LTD 

HENRY WIGGIN & CO. LTD 

DURBAN CORPORATION, SOUTH AFRICA 


International Computers 
and Tabulators Limited 


149 Park Lane, London, Wl 


and offices throughout Great 
Britain and overseas 


Tick No 102 on reply card for further details 








[New for Control, 


90,000 ft simulated-altitude operated at 
16,000 V with no evidence of corona. 
Designated JEDEC types 1N2373 
through 1N2381, this hermetically sealed 
cartridge series provides d.c. output cur- 
rents from 75 to 250mA (at 25°C) and 
is manufactured by International Rectifier 
Company. 
Tick No 541 on reply card 


The probe unit of this meter is polythene 
shielded, and has a detachable bottom 
cup which will hold sufficient solution 
(5 ml) to give a reading. Length of lead 





Portable pH meter 


between probe and meter is normally 
about 3 ft, but may be extended to any 
reasonable length. 

The model 700 is temperature com- 
pensated, and accuracy is claimed to be 
within 0-2pH. Made by Analytical 
Measurements, it has a scale-length of 
7-2 in. and weighs approximately 5 Ib. 

Tick No 542 on reply card 


Vibration measurement in the field may 
be made with a transistorized meter 
having a frequency range of 10 to 1000 
c/s. The pick-up has a maximum peak 
to peak amplitude of 0-6 in., and a maxi- 
mum peak acceleration of 10,000 in./s*. 
The Dawe type 1431 weighs about 74 Ib 
with batteries. 

Tick No 543 on reply card 


The output of a d.c. supply is 0-250 V 
at 50mA, plus an a.c. output of 6:3 V 
at 1-5A. Claude Lyon’s PV-250-B has 
switched metering covering four ranges, 
0-10, 0-50, and 0-300 V, and current in 
the range 0-50 mA. 

Tick No 544 on reply card 
Miniature switches weighing less than 
1/28 oz are claimed to be the lightest on 
the market. Made by Texas Instruments 
(U.S.A.), the Klixon ATI/1 is hermeti- 
cally sealed, and is rated at 3A, 28V 
d.c. Ambient temperature range is — 65 
to + 275°F. 

Tick No 545 on reply card 


Capacitances from 1111 42F down to 
0-002 uuF can be measured with 0-2% 
accuracy by means of a three-terminal 
transformer ratio-arm bridge. Its dis- 
crimination and stability make it suitable 
for such applications as the measurement 
of the temperature coefficient of capa- 
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citors, or changes in valve interelectrode 
capacitance. Made by Marconi Instru- 
ments, the TF 1342 has its own 1000 c/s 
oscillator, and will measure effective 
shunt resistance between 1 and 1000 M2. 

Tick No 546 on reply card 
A new range of direct-writing, ultra- 
violet galvanometer recorders has models 
with chart widths up to 6in. (25 avail- 
able input channels) and up to 12 in. 
(fifty available input channels); chart 
speeds are variable in twenty steps from 
0-05 to 80 in/s. Galvanometers are avail- 
able to cover frequency ranges from 
0-100 to 0-5000 c/s. Further information 
from S.E. Laboratories. 

Tick No 547 on reply card 
Plug-in miniature sealed relays will 
switch 2 A (resistive load) at 28 V d.c. or 
110 V a.c. Manufactured by Magnetic de- 
vices, who claim good performance under 
vibration in any plane between 30 and 
2000 c/s. Close and release times are 
3 ms and 2 ms respectively. 

Tick No 548 on reply card 
A size 23 sweep-resolver for radar sweep- 
circuits has a flat frequency response 
extending into the 100 kc/s range, peak- 
ing at 500 ke/s. 

Made by Plessey, the 113D8H has a 
voltage range of 0-30 V and an operat- 
ing temperature range of —55 to +75°C. 

Tick No 549 on reply card 
Miniature relays weighing less than | oz. 
are made in two basic forms, having 
either 2 or 4 change-over contacts. Coils 
are available for voltages up to 60V 
d.c. The contact rating is 1 A non-induc- 
tive; release time, 2-4 ms. 

Made in Germany, distribution in 
England is by Londex. 

Tick No 550 on reply card 
Micro-switches measuring 0-5 X 0-35 X 
0-2in. and weighing 1/280z are now 
made by Honeywell. The 1SX1-T is rated 
24 A surge, 7A resistive and 4 A induc- 
tive, for operation at 28 V d.c. or up to 
230V ac. A minimum life of 25,000 
operations is claimed. 

Tick No 551 on reply card 
Voltage converters are available in a 
complete range with ratings of 2-120 W. 
Supply voltages from 6 to 28 V d.c. are 
catered for, with outputs from 90 to 
300 V d.c. The makers, Aveley Electric, 
state efficiency as 76% overall. 

Tick No 552 on reply card 
Now in production is the SCR 96 series 
of silicon-controlled rectifiers. Maximum 
average forward current is 10A, and 
maximum peak-inverse voltages range 
from 25V for SCR 961, to 200V for 
SCR 965. Made by G.E.C., typical gate 
current to fire is 20mA at + 1-SV. 

Tick No 553 on reply card 
Hermetically sealed plugs with 5, 7 or 9 
contacts are designed to be suitable for 
soldering into 4in. diameter holes. The 
BHM series is rated at SA, 1500 V for 


operation at sea-level, or 5A, 450 V, at 
60,000 ft. Made by Electro Methods, all 
metal parts are gold-over-silver plated. 

Tick No 554 on reply card 


INDUSTRIAL 


PUBLICATIONS 





Variable speed drives are described in a 
7-page pamphlet from Lancashire 
Dynamo Nevelin. 

Tick No 555 on reply card 
Sealed gas-blowers are shown in a leaflet 
from Davidson and Co. 

Tick No 556 on reply card 
Precision ball bearings are featured in a 
new catalogue from E.M.O. 

Tick No 557 on reply card 
The Teletronic Variostat is explained in 
a data sheet from Drayton Controls. 

Tick No 558 on reply card 
Semiconductors. Abridged technical data 
is given in a booklet produced by 
Ediswan. 

Tick No 559 on reply card 
Overhead handling equipment is des- 
cribed in a bulletin published by British 
Monorail. 

Tick No 560 on reply card 
Contra-rotating axial-flow fans for marine 
and industrial applications are shown 
in a publication from Davidson & Co. 

Tick No 561 on reply card 
Potentiometers are the subject of 13 data 
sheets from Penny & Giles. 

Tick No 562 on reply card 
Automatic boiler control for unit system 
power plant is the subject of a new col- 
oured catalogue produced by Electroflo. 

Tick No 563 on reply card 
The transient storage oscilloscope by 
Cawkell is described in an 8 page 
pamphlet. 

Tick No 564 on reply card 
E.E.A. Annual Review of 1959 gives a 
short summary of the achievements of 
the Electronics Industry. 

Tick No 565 on reply card 
Thermostats, and oil-burner controls are 
two of the many components featured in 
a new illustrated catalogue from the 
Rheostatic Co. 

Tick No 566 on reply card 
Radio and electronic components are 
described in the February issue of 
A.E.I.’s Quarterly Review. 

Tick No 567 on reply card 
Tally counters are illustrated in a cata- 
logue issued by Trumeter. 

Tick No 568 on reply card 
‘Electronics Post.’ First issue of a 
quarterly export journal to be issued by 
E.M.I. 

Tick No 569 on reply card 
‘News & Review’ is the title of a bi- 
annual publication from Gallenkamp 
dealing with components, patents etc. 

Tick No 570 on reply card 
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2 LEADS 
0-04" 0-007 DIA. 


1-0" +0-031" 
0-75"max S 
1 
| 


0-32"max. 


MOUNTING FLANGE (c 2 HOLES 0-156" 
 0-003"DIA, 





POWER TRANSISTORS 
TYPES XC155 and XC156 


These germanium p-n-p alloy transistors are intended for power 
switching, voltage regulator, convertor and other heavy 
duty industrial applications. Full particulars of these and other 
Ediswan Mazda semiconductor devices will be sent gladly on request. 
If you wish to keep up to date with the latest developments in this field, 
please ask us to add your name to our semiconductor mailing list. 


Maximum Ratings (Absolute Values) XC155 XC156 
Peak collector to base voltage (Volts) .................ccccccccccsccsscsssssssscssseeeeeseeeeesseeseee —80 —100 
Peak collector to emitter voltage, base open circuit (volts).................... —50 — 65 
Peak collector to emitter voltage, base and emitter joined or with 

an external base/emitter circuit resistance less than 40 ohms (volts) —65 — 80 
Peak emitter to base voltage (Volts) ....................ccsccccccccssssseccsssssucsssseeressssersesesesees — 60 — 60 
i —10 — 10 
EL — § 
Collector dissipation (mounting flange temperature 85°C) (watts)... 10 10 


Switching Characteristics (Common Emitter) (Typical production spreads) 


D.C. Current gain (Vce= —1.5v, [c= —4A) cecceccccececsnen minimum 20 20 
average 26 26 
maximum 50 50 

D.C. Collector to emitter saturation 
voltage (I. = —4A, d.c. Ib>= —400 mA) (volts) .......... average —0-4 —0-4 
maximum —0-8 —0-8 


EDISWAN SEmMiconbuctors 


MAZDA Associated Electrical industries Ltd 


Radio and Electronic Components Division 

PD 15, 155 Charing Cross Road, London, W.C.2 

Tel: GERrard 8660 Telegrams: Sieswan Westcent London 
crcis/59 
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Integration 

Process Integration and Instrumentation. Electrical Develop- 
ment Association. 1959. 200 pp. 8s. 6d. 

The control engineer will find this book a rather elementary 
account of the uses of automatic control in industry with de- 
tailed descriptions of much of the equipment and instrumenta- 
tion involved. It is more a book for the business executive, 
who, perhaps lacking a technological education, nevertheless 
wants to know what all this control business is about. The book 
should satisfy his needs in that it gives a background to the 
problem of control and automation. It seeks to arouse the 
reader’s interest by discussing the problems of modern manu- 
facture and how automatic methods of control can lead to an 
improvement in the quality and quantity of production while 
reducing the labour and material content. 

Naturally, as the book has been prepared and published by 
the Electrical Development Association, the emphasis is on 
electrical methods, but bearing in mind the readership aimed 
at, this is not necessarily a disadvantage. 

There are chapters on Modern Manufacturing, Automatic 
Control, Sensing, Instruments and Instrumentation, Electrical 
and Electronic Links, Actuators and Servomotors, followed by 
a series of chapters on Industrial Applications, Use of Compu- 
ters, Machine Control, Quality Control and Progress towards 
Automation. The chapter on Industrial Applications gives a 
very representative set of examples and will be helpful to many 
who wish to appreciate the wide uses to which automatic con- 
trols are now being put. For production managers and others 
who have to make decisions regarding improving production 
methods, this chapter is probably the most valuable in indicat- 
ing possibilities and arousing interest. 

The main criticism of the book is that it says little about 
the savings affected by the introduction of automatic control. 
Some discussion of these matters would have been worth while. 

The book is well printed and illustrated, and can be recom- 
mended to business executives, production managers and 
others who want an introduction to the possibilities of auto- 
matic control. DENIS TAYLOR 


Science 


Science in Industry—Policy for Progress by C. F. Carter and 
B. R. Williams. Oxford University Press. 1959. 186 pp. £1 Is. 
This book is the third of a series of reports written for the 
Science and Industry Committee.* It contains suggestions for 
policy and action, by industry and by the Government, which 
could assist the more effective application of science to British 
industry. 

Perhaps the most valuable aspect of this excellent publica- 
tion is as a guide to general management in British industry 
as to the factors on which to base judgment and action with 
regard to scientific policy. Although the application of science 
in Britain has increased tenfold as between 1928 and 1958, it 
is expected that research and development expenditure will 
continue increasingly, particularly in the older-established in- 
dustries which should be progressively finding the scientific 
basis of their inherited crafts. 

Much attention is given to the economical aspect of re- 
search, and small firms are recommended to make the maxi- 
mum use of their ears and eyes to bring in the fruits of 
external research and development, rather than to overstrain 
their own financial resources. Indeed, the problems of co- 





* Sponsored by the British Association for the Advancement of Science, the 
Royal Society of Arts, and the Nuffield Foundation. 
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ordination and cross-fertilization of ideas, and the problem of 
communications in general, are very thoroughly dealt with, 
and a useful practical suggestion for small firms is to spend a 
reasonable amount of time in studying which scientific litera- 
ture to peruse in order to keep in contact with new ideas. It 
is important, after this list has been selected, to extract effec- 
tively from it, and to secure wide circulation in the organ- 
ization. Special attention should be given to the problem of the 
status of research managers, to ensure that the significance of 
scientific developments is thoroughly understood by the board 
of directors. In this connexion special warning is issued to 
family firms, where the scientific side of the business may be 
neglected if the board of directors is exclusively recruited from 
the family circle. 

Whilst the book emphasizes the need for more initiative to 
come from industry itself, and for industry to sort out its own 
problems, it nevertheless considers that further assistance is 
required from Government initiative, particularly in backward 
industries. With reference to existing research associations, 
more effort is proposed for advisory or educational services to 
assist directly individual firms without adequate research re- 
sources of their own. It is also proposed that the research 
associations should set up development companies capable of 
placing contracts for the development of their inventions 
to ensure their effective actualization in industry. It is even 
suggested that occasionally it may be necessary to create State 
development companies to manage developments in a defined 
field. 

Particularly recommended appears to be the extension of 
private research companies that will undertake research and 
development on a business basis, and that can bring new 
techniques to bear on old subjects. In this context it is also 
considered that wider use could be made of part-time arrange- 
ments with independent specialized consultants, a suggestion 
which I consider to be not without merit. 

In general, this first-class book can be recommended to all 
interested in the problem of the organization of science for 
industrial purposes, but perhaps it can be particularly recom- 
mended to members of top management who may feel vaguely 
uneasy about what is happening in research in their own organ- 
izations. D. B. FOSTER 


Productivity 
People and Productivity by A. B. Waring. British Productivity 
Council. 1959. 95 pp. £1 5s. 
For those seeking ways of improving industrial relationships 
this book should provide a practical working guide to the im- 
plementation of schemes that are so often only sketchily re- 
ferred to in pseudo-scientific terms. The author’s attention to 
detail, and the many illustrations included, clearly show the 
thought that has been applied to establishing stimulating work- 
ing conditions in at least one factory group. It is unfortunate 
that it would be difficult to promulgate a good many of the 
proposals in the smaller organization. The general layout and 
clarity of the book leave little to be desired, but had it been 
published in a more conventional size it would have been easier 
to find room for it on the bookshelf, where easy access would 
make it an ideal reference book to have within reach. 

JOHN ISAACS 


Literature Received 


Basic Electronics by Van Valkenburgh, Nooger & Neville Inc. 
Technical Press Ltd., London. The Brolet Press, New York. 1959. 
625 pp. £2 14s * 701 


Basic Electricity by Van Valkenburgh, Nooger & Neville Inc. Tech- 
nical Press Ltd, London. The Brolet Press, New York. 1959. 
588 pp. £2 5s * 702 


Use of Moiré-fringe Techniques for the Measurement of Velocity 
by G. Hodgson. National Engineering Lab. 1959. 14 pp. ‘* 703 


%&Tick the relevant number on the reader information card for further information. 
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ONE-TWO 
AND IT’S DONE 








Comparison 
uith a three- 
penny piece 


-Insuloid 
THEMem cradleciip | 


The Miniature Cradleclip system 
revolutionises small wiring 
installation. 


to meet 

the needs of 
electronics 
and all 

very small 
wiring 


Designed especially for 
Electronics and all very small 
wiring with the object of 
considerably reducing wiring 
time, and is absolutely foolproof 
in application and completely 
safe and permanent in operation, 
even in extreme climatic 
conditions. 


Miniature Cradleclip will 
accommodate up to either three 
is” cables or 20 runs of 7,” dia. 


covered wire, and has all the 

“ one-two and it’s done ” slickness 
of its big brother, the now firmly 
established CRADLECLIP 
system which it has 

developed. 


— 





i 4 
ALL THESE ADVANTAGES: 


@ Cuts wiring time by 52%. 


@ Combines _ speed fixing with 
simplicity and complete security. 


@ Brings a new versatility, compact- 
ness and neatness to your wiring. 


Completely insulated and suitable 
for all climates. 


Eectrical and mechanical security 
in all conditions. 


@ The Cradleclip system has been 


TWICE AS GOOD... 
TWICE AS QUICK... 
WHEN YOU WIRE 
WITH CRADLECLIP 


Send for fully descriptive 
literature on the Insuloid 
Miniature Cradleclip Wiring 
System now, and also find 


proved in wiring installations out about other Insuloid 
t ; . 
eupas Cs wert’. time and money saving 
@ Wiring modifications are quickly 

and easily carried out. products. 


INSULOID MANUFACTURING CO. LTD. 


Sharston Works, Leaston Avenue, Wythenshawe, 
Manchester. Tel WYT 2842 & 3163. 


COME AND SEE US ON STAND Z8 AT THE A.S.E.E. EXHIBITION, 
EARLS COURT. 
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The gearbox 





is the very heart 
of a metering pump 
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Type ‘G’ 


Type ‘Mm’ 


This Varistroke Gear Box is used in the Metripump type ‘M’ 
and Metripump ‘G’ in both ranges of which a wide variety of 
pump heads is available. By reducing the maximum delivery 

pressure as the ram diameter—and thus the capacity—is 

increased, an even load is maintained on the gear box. All 
working parts are totally enclosed in the Varistroke Gear Box 

and operate in an oil bath so that no external lubrication is 
required. If you would like to know how profitable the right 

kind of metering pump can be, ask us to send a representative 


who will explain the advantages quickly and lucidly. 


May we send you Publications No. 112 and No. 102. 


Metering Pumps 
(Linmitecl 


21 THE MALL, EALING, LONDON, W.5. 
Telephone: EALing 6264 (PBX) 
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Electro-Hydraulics for all Industrie 





. . « On land, on Sea ... in the 
air or underground. The Design 
and Development Laboratories of 
Electro-Hydraulics Ltd. .. . offer 
their services in solving your 
systems design problems. 





Hydraulic and Pneumatic— 


Remote Handling Equipment 
Machine Tool Control 
Servo Controlled Systems 
Linkage Mechanisms 
Actuating Cylinders 
Control Valves 
Solenoid Valves 
Shock Absorbers 












Ist International Compressed Mechanical Handling Exhibition ELECTRO-HYDRAULICS LTD. 
Air and Hydraulics Exhibition INDUSTRIAL SALES DEPARTMENT 


STAND No. HH 95 LIVERPOOL ROAD, kata abled 
110 Telephone: 35241 Grams: Hydraulics, Warrington 


Olympia, 25th-29th April, 1960 Earls Court, 3rd-13th May, 1960 MEMBER OF THE OWEN ORGANISATION 


















VEST IT 








ELECTRICAL EQUIPMENT 


Automatic Carbon Pile 
Voltage Regulators 







including :- 
Automatic Voltage 
Regulators 


Rotary Transformers 
and Convertors 
High Frequency 
Alternators 


Literature sent on request 


Transistorised 
version to give 
+ or — 05% control 





on 


NEWTON BROTHERS (DERBY) LIMITED — 


ALFRETON ROAD - DERBY 


PHONE: DERBY 47676 (4 LINES) GRAMS: DYNAMO, DERBY 
London Office: IMPERIAL BUILDINGS, 56 KINGSWAY W.C 2 
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bringing wider scope to relay applications . . . particularly where space is limited 





The high degree of reliability of this new range offers decided advantages in every aspect 
of industrial control involving electronic and electrical equipment. 


CAPABLE OF HANDLING POWER FROM MICROWATTS TO KILOWATTS there are: 


to give maximum reliability. 


pins to give high stability. 


* TMC Zettler Relays with contacts which are gold-flashed * TMC Zettler Relays with plastic covers for protection in 
transit and to keep out the dust when installed. 

%* TMC Zettler Relays with injection moulded nylon lifting % TMC Zettler Relays which accommodate mercury tubes for 
switching large loads. 

* TMC Zettler Relays with a wide range of operating coils. %*& TMC Zettler Relays with twinned contacts. 

%* TMC Zettler Relays with latching features. * TMC Zettler Relays to MIL specifications as used by NATO. 





TMC 





RELAYS 


Write for illustrated literature 


PIN-POINTING THE THREE ILLUSTRATED 
T.M.C. Zettier Relay AZ 210 Very compact. Screwless construction. 4 change-over actions. Fast 
speeds. Card operated springs. A version to suit printed circuits is available. 


T.M.C. Zettlier Relay AZ 20 Small, general purpose relay, Robust construction. Can be fitted with 
light or heavy duty contact actions—or with low capacity change-over actions for high frequency purposes. Transparent 
plastic case. 


T.M.C. Zettler Relay AZ130 Smallest relay in the range fitted with twinned contacts. Can take a 
maximum of 18 springs in 2 contact stacks. Ideal replacement for 3000 type relay where space is limited. Can carry a 
microswitch from our own range. Transparent plastic case. 


With this new extension to their already wide range TMC are best equipped to meet your relay requirements 


TELEPHONE MANUFACTURING COMPANY LIMITED 
Relay Division C ~- Hollingsworth Works ~- London SE2l ~- Telephone: GIPsy Hill 2211 
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WORLD FAMOUS FRACTIONAL 
HORSE-POWER GEARED MOTORS 








































Integral Wormgear 


e SERIES WOUND GEARED SHADED-POLE INDUCTION 
t MOTOR—Type ‘K’ GEARED MOTOR—Type ‘FA’ 
; R.P.M. — TORQUE | R.P.M. — TORQUE R.P.M. — TORQUE | R.P.M. — TORQUE 
' 600 100z.in. | 37.5 4 1b. in. 216 = 402. in. 13.5 2407. in. 
i 300 160z.in.| 25 4 1b. in. 108 7 z. in. | 9 300z. in. | | 
¥ 150 2407z.in. | 18.8 4 Ib. in. 54 1002. in. 6.7 35 oz. in. 
j 100 320o0z.in.| 12.5 4 1b. in. 36 12 oz. in. | 4.5 4407. in. 
i 75 3607. in. 94 4\)b. in. 27~=—: 15 oz. in. 3.35 3 Ib. in. 
i Genet 3 Ib. i 6.25 41b.i 18 200z.in.! 2.25 4 1b. in. 
t positions. i 
| 
Reduction. VARIABLE SPEED GEARED CAPACITOR INDUCTION i 
Gnites — Die MOTOR—Type ‘KQ” GEARED MOTOR—Type ‘N’ 
oof. 










R.P.M TORQUE | R.P.M. — TORQUE R.P.M.— TORQUE | R.P.M. — TORQUE 
Vacuum Impreg- | 
nated Windings. 











200-600 9oz.in. | 12-37.5 4 Ib. in. 456 8oz.in.| 28.5 3 1b. in. 
16 07. i 8-22 4 Ib. in. 228 130z.in.| 19  4/1b. in. 
50-150 20 oz. in. 6-16.5 4 Ib. in. 114 2loz.in.| 14.2 4 Ib. in. 
32 o2. i 411 4 1b. in. 76 260z.in.| 9.5 41b. in. 
40 02. i 3- 8.25 4 Ib. i 57. 3207.1 71 4 1b. i 


48 072. i 2- 5.5 4 Ib. i 38 «4402.1 4.75 4b. i 





























Dynamically bal- 
anced Armatures 
and Rotors. 










































































CITENCO LIMITED 


(Dept. C58) 
MANOR WAY ~- BOREHAM WOOD - HERTS - ENGLAND 
Telegrams: Citenco Borehamwood. Telephone: Elstree 3666-7-8 











AM WOTORS 





FOR CONTROL PURPOSES 


We produce a range of air motors from th to 
10 h.p. capacity. Manufactured to multi- 
cylinder construction with high starting torques. 
Globe Air Motors offer infinitely variable 
speeds throughout the entire range. 


THE GLOBE PNEUMATIC 
ENGINEERING COMPANY LIMITED 


ASHTON ROAD, HAROLD HILL, ROMFORD, ESSEX 
Cables: PNEUMATOID, ROMFORD 
Telephone: Ingrebourne 43851 (5 lines) 


Tick No 110 on reply card for further details CONTROL April 1960 


















Why struggle with Mains Voltage Fliuctuation ? 


GLAND If you have any problems involving a.c. voltage 
regulation, the solution is to call in ‘ Advance ’— 
the Constant Voltage Transformer specialists. 
Investigation of your problem may prove that a 
standard type ‘ Volstat’ will meet the case ; or 
maybe, a special design is called for. In either 
event, the wealth of experience gained by 
*‘ Advance’ over many years in probing every 
aspect of mains stabilization provides the surest, 
quickest, and certainly the most economical, 
solution to your difficulties. 


VOLSTAT.. | 


CONSTANT VOLTAGE eons 


‘VOLTAGE STABILIZATION’ bY Advance > 
This ‘Advance’ Booklet gives authoritative 

information on ‘Advance’ Constant Voltage 46 Ea 

Transformers, and the service available to deal at dL 

EXHIBITION with your particular voltage fluctuation * 
STAND NO, C107 problems. Send for a copy. 


POST THIS COUPON TODAY » 





a) 





ROEBUCK ROAD, HAINAULT, ILFORD, ESSEX 


a 


IX \ To ADVANCE COMPONENTS LIMITED 
} 


ed 
\ Please send me a copy of your booklet 
UV “Voltage Stabilization” by ‘Advance’ 


NAME 
POSITION 
COMPANY 


Advance COMPONENTS LIMITED ADDRESS 


eee MAINS STABILIZATION DIVISION |. 
ROEBUCK ROAD * HAINAULT « ILFORD + ESSEX * TELEPHONE : HAINAULT 444 @ @ @ © @ @ @& @ 
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write for leaflet. 
ingle lever “ for 100 psi 
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and 3 in, sizes only. 


ADAPTOR 
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SCREWED MALE 


HOSE TAIL 


G 
BLANK CaP 


c 
FLANGED 


CALLEN |1|)|HARRISON) 


6 CO.LIMITED 


COMMERCIAL STREET WORKS 
AMOTT MILL * MANCHESTER * 15 
Telephone: CEN 6753/4 Grams; Bronze Manchester 
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ERICSSON TELEPHONES LTD 
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COUNTING ? 


“MULTIPLICATION IS VEXATION 
DIVISION IS AS BAD 
THE RULE OF THREE DOTH PUZZLE ME 
AND PRACTICE DRIVES ME MAD!” 


i 
ntl) 





icici acetone ote iacitaetat ata eotaae 


es stn eal. 


Tachometer Type 144A—constructed from 
Plug-in Counting Sub-Units. 


The quaint complaint of the Elizabethan 
schoolboy might well re-echo today where 
management have not yet realised the 
significance of modern digital 

counting techniques. 

Many industrial control problems can be 
interpreted in terms of counting, timing or 
measuring. To meet these requirements we 
have introduced a wide range of inexpensive 
plug-in counting sub-units. These units, 

of which there are over 50, can be 
combined to produce dependable equipment 
for applications ranging from simple counting 
and batching to complex digital control. 

If you want facts-in-figures get 


in touch with us now. 


ERICSSON 





INSTRUMENT DIVISION 
High Church Street - New Basford - Nottingham Tel: 75115 


HEAD OFFICE - 22 LINCOLN’S INN FIELDS - LONDON W.C.2 


PEOPLE WHO COUNT USE ERICSSON os zxum 
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FLAMEPROOF ENCLOSURES 


DAVIS of DERBY have specialised for many years in 
the manufacture of Buxton Certified Flameproof Enclosures 





F.L.P. Enclosures are available and Enclosures 
can be designed to individual requirements to 
cover Groups I, Il and Ill gas hazards 


A range of certified Intrinsically Safe Equipment for 
use in gassy atmospheres, including hydrogen, is available. 
Also Pneumatic Electric Lamps for safe lighting in 
dangerous atmospheres, and Signalling and Sequence 
control for conveyors, etc. Anemometers and Ventilation 
Instruments. 


JOHN DAVIS & SON (Derby) LIMITED 
ALL SAINTS WORKS - DERBY 


Telephones : Derby 45403/4 & 45740 Telegrams : Davis, Derby 
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40 VOLTS/SEC 


AUTOMATIC CORRECTION 


—with the type 
TCVR voltage regulator 


The TCVR is a servomechanical automatic voltage Rack-mounting 
regulator having the very high speed of correction of version. 
FORTY VOLTS PER SECOND. It provides an 
undistorted output, maintained constant within very 
¢lose limits (normally +0.5%) from no-load to full- 
‘oad, for wide variations in frequency and power factor. 


A wide range of models from 1.6 to 12 kVA single- 





phase, and 4.8 to 36 kVA three-phase, is available, Other products of Claude Lyons Ltd. Stabiliser Division 
to standard or tropical specification, in cabinets or for 
rack-mounting. Models are also available in which BMVR: Motor-driven laboratory and industrial regulators ranging from 1°6 to 29 kVA 


single-phase, and 4-8 to 87 kVA three-phase. Constancy of output normally + 0-5%, 


the output voltage is continuously adjustable over a from no-load to full-load. No distortion. Speed of correction 1 Volt/Sec. A great 


wide range by means of a panel control. Regulators variety of models, standard, tropical and militarised, for all applications. 
can be supplied to Services specification, and special BAVR: Electronic stabilisers of very high accuracy, and very rapid response, with no 
models can be designed to order. moving parts. Input ran 5%, output constancy + 0.15%. Three sizes : 


: - 10% to 
ae : 200, 500 & 1000 VA. Exce tionally useful for control of chemical processes, heati 
For high-speed, accurate stabilisation without lighting, etc. 7 ? ee — 


distortion—specify TCVR. 


ASR: Automatic step regulators, small, inexpensive, and with sinusoidal output waveform. 
Two sizes : 1:15 kVA and 2:3 kVA. Input range - 10% to + 5% output constancy, +2$%. 


a\ ATC: Automatic Tap-Changing Transformers —a development of ASR. Two sizes: 
\ 575 VA and 1150 VA. Input range - 20% to + 10%: output constancy, + 5%. Provide 
Glande 0 Md. \ adequate stabilisation for many types of apparatus, at low cost. Also useful as pre- 
D nS / ) regulators, e.g. in conjunction with BAVR. 
eal 


We shall be pleased to send you full details of our entire range. 





Stabiliser Division VALLEY WORKS » HODDESDON: HERTS : TELEPHONE HODdesdon 4541-4 
CL/47/E28 


162 Tick No 116 on reply card for further details CONTROL April 1960 


Cc 





VA 
S%es 
reat 


1-4 
1/47/28 


1960 


TEL-0-SET 


"WRITE OR SEND THE COUPON TODAY for full information to: 








you save 


with 







Quick connect Tel-O-Set controller, for 
proportional control—with automatic 
reset—of any variable. Derivative 
action is easily added. 


‘Honeywell Controls Ltd, Ruislip Road East, Greenford, 


Middlesex. 


WAXIlow 2333 


Sales enenewine. initial and periodic service, available 


from ‘anch Offices. Sales Offices in ncipal 
cities of the world. — 


Industrial Instrumentation Micro Switches 
Heating & Air Conditioning Controls 


‘CONTROL April 1960 
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Bea... _ 


today’s most advanced 


miniature pneumatic instruments 


Record, indicate or control any process variable with 
versatile Tel-O-Set instruments. They’re the 
most dependable, economical, and easily-serviced 


. miniature instruments you can buy. 


CUT INSTALLATION COSTS 
e® Startup is safeguarded by wiring and piping case separately 
... keep chassis safe in original carton until startup. 


® Quick-connect design makes chassis mounting easy, 
fast, foolproof. 


CUT SPARE PARTS INVENTORY 
e Change recorder to indicator and vice versa... 
without changing case or disturbing field connections. 


® One basic controller model for any variable— 
derivative action easily added. 


e All working parts can be inspected during operation, 
without process interruption. 


* Zero and span, the only recorder adjustments required, are 
set from front of panel. 


® Quick connect switch on controllers permits removal 
of unit while process remains on manual control. 
SAVE IN MAINTENANCE 


® Separate pneumatic and electric connections—no 
need for electrician to stand by. 


e Linearity built in at factory, requires no attention. 


® Unitised construction of all components simplifies 
maintenance, makes re-assembly easy. 


Honeywell 
Fut i Coitol 


Tick No 117 on reply card for further details 163 








Tick No 118 on reply card for further details 


WHEN THERE 
CAN BE 

NO 
COMPROMISE 
WITH 
RELIABILITY... 


. .. When maximum performance 

under the most exacting conditions 

is vital, Amphenol Connectors play 

the part for which they have been design- 

ed with complete dependability. More than 

25 years experience in this field plus rigid 

test requirements far beyond likely operating 
conditions help to ensure their sturdy reliability. 


For example, Amphenol MinniE miniature multi-contact- 


connectors are tested for altitude-moisture resistance 
by submersion in salt water and altitude cycling to 80,000 
feet, to 65,000 feet and then returned to room ambient pressure. 


Amphenol MinniE Connector 


Quick disconnect, multi-contact, miniaturebayonet 
lock types. Available as Plugs, Cable and Panel 
Receptacles and Single Hole mounting Receptacles 
in four constructions, five shell sizes and seventeen 
insert arrangements. 


Amphenol 165 Series Connector 


Designed especially for use with the ARC52 equip- 
ment installed in the Vickers-Armstrongs “Scimi- 
tar,"’ the English Electric “Lightning’’ and other 
military aircraft. Variants of this 42-contact con- 
nector are available to meet differentrequirements. 
Another new Amphenol development are the 
“Stub-E" Connectors, fulfilling environmental re- 
sistance requirements in aircraft and guided 
missiles. 


We can also supply miniature co-axial 
changeover connectors, co-axial swit- 
ches (hand or relay operated) and micro- 
potentiometers manufactured by our 
industrial Products, Danbury-Knudsen 
and Borg Divisions. 

We will be pleased to quote for complete 
cable assemblies, using Amphenol con- 
mectors including ‘potted’ versions if 
desired. 


Have you had your 
copy of this new Am- 
phenol Publication? 
IEC2 is a new publication, 
detailing and profusely illu- 
strating a wide range of 
Amphenol connectors, with 
reference sheets for contact 


Ki arrangements and _ insert 
23rd 28th May specifications. Writefor your 


___ Stand No. K.453 | enveew. 
AMPHENOL (Great Britain) LTD. 
Victoria Road, Burgess Hill, Sussex 
Telephone : Burgess Hill 85616 (3 lines) 
Telegrams: Amphenol, Burgess Hill 


AMPHENOL-BORG ELECTRONICS CORP., CHICAGO, U.S.A. 
AMPHENOL CANADA LTD., TORONTO 9, ONTARIO 


See the Amphenol Range 
at the 
1.E.A Exhibition, Olympia 





TFT: f. os. a6 __ 
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EKCO 


Machine Tool Control 
accurate - 
simple - rugged 


TRL 
completely automatic 
Peer Lee 
POST CC UT Ly 


Drilling 
Machines 


HIGH ET 


Guillotines ‘Tables 


Punched Card Control System, 
single sheet or roll. Accurate up to 
1-500 of a single turn of a 10 t.p.i. 
lead screw. Suitable for new or 
existing machines. Jigs un- 
necessary. 

The Ekco Electronics Technical 
Advisory Service will be pleased 
to supply information or discuss 
any problem you may have. Write 
or telephone. 


EKCO ELECTRONICS LTD - SOUTHEND-ON-SEA - ESSEX Southend 4049! 
CONTROL April 1960 
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We present our range of standard panels. 
10 gauge steel sheet flat panels, notched 3” x 7%” deep to take fixing 
screws at 18 7%” CRS, and 14 gauge steel sheet panels, 


notched as above, with panel returns 33”. 


WIDTH |NOMINAL 10G PANELS* 14G PANELS* 


if 

” 9s. 7d. 13s.6d. | 6s. 94. | 12s. 104. 
5 UNIT 10s. 8d. 13s. 6d 
UNIT El_6s._ 4d. 


* Prices per panel in dozen lots. Prices for other quantities on application. 


| UNIT 
2 UNIT 
3 UNIT 
4 UNIT 


Ww 
a. 


2 
3 


w 
a 





153” 
174” 


¥& Illustrated is the Lunrac—a standard rack, rigidly constructed of 10 
gauge formed steel sections and easily adaptable to suit varying needs and 
specifications. For full details of this and other Lund products write to :— 


LUNDS of Wandsworth 


Bendon Valley, London, S.W.18. Tel.: Vandyke 7676/7/8 


hend 4949! 
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Good Companions in the Electronics field ! 


um Copper ‘PEARLY KING’ 
non-magnetic SPANNERS 


In addition to ‘Wavey’ Washers in sizes 10 BA to &” BSF, we are now 
able to supply also in Beryllium Copper specially for the Electronics 
industry, ‘Pearly King’ non-magnetic gold-plated spanners in a 
handsome plastic case as illustrated or individually. Six 
spanners are in sizes 11 BA to OBA, Price £2.2.0 per set. 

Direct from the makers or from their London Office. 


LEAVE IT T0 
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DYEWORKS 


ANOTHER APPLICATION FOR THE VERSATILE 


CAMBRIDGE NUMALEC 


For “control co-ordination ”’—electrically or pneumatically 
operated—the Cambridge Numalec has unlimited applications, 
modest or comprehensive. Temperature, pressure, vacuum, 
level, etc., can all be controlled for set periods (adjustable at 
will) and in the sequence required. There is no limit to the 
number of different stages which can be accommodated. An 
entire programme can be changed in under three minutes. 


Send for List CD 310. For future publications ask for Mailing 
Form CD/3/60. 


INSTRUMENTS, ELECTRONICS & By courtesy of W. E. Saxby (Nottingham) Ltd., we 
AUTOMATION EXHIBITION illustrate the Cambridge Numalec installed on their 
OLYMPIA, 23-28 MAY, 1960 premises for time/temperature programme control 
, ,, Visit STAND NO. F259 during the dyeing of textiles, etc. The instrument 
Tickets available from Cambridge Instrument Co. Ltd. automatically controls the temperature of the dye- 
liquor to a pre-set programme, allowing steam to be 
admitted to the heating coils or cold water to the 
cooling coils of the vat, and operates light signals at 

changes of programme periods. 


CAMBRIDGE INSTRUMENT CO. LTD. |3 GROSVENOR PLACE, LONDON, S.W.| 
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GREAT NAMES THINK ALIKE 
they choose Baldwin 
Atomat Nucleonic Thickness Gauges 


Look on the machines turning out some of Britain’s most famous products and you’ll 
find Baldwin Nucleonic Gauges saving material, labour and time! Yet, although 
Baldwin gauges are used more and more throughout industry, there’s no question of 
a standard unit for all machines. Baldwin gauges are—and always will be—tailored 
individually to the measuring job in hand. 


SO THAT’S POINT ONE... - BALDWIN DESIGN AND MAKE COMPLETE CONTROL GAUGE SCHEMES 
FOR SPECIFIC INSTALLATIONS 
Then there’s Baldwin Automatic Standardisation and Control. Baldwin gauges not 
only check materials in production, but can correct the machine when production 


limits are exceeded. And Baldwin gauges even check themselves, automatically 
compensating for any radioactive source decay. 


AND THAT’S POINT TWO... CONSTANT INSPECTION — CONSTANT ASSURED ACCURACY 


ADD THESE OTHER POINTS AND IT BECOMES OBVIOUS WHY BRITAIN’S 
TOP MANUFACTURERS CHOOSE BALDWIN 


* SAVINGS IN TIME AND MATERIAL 

* CALIBRATION IN YOUR USUAL UNITS OF MEASUREMENT 
* HIGH ACCURACY 

% MINIMUM MAINTENANCE 


Ask Baldwin for their brochure C-124; it carries clear and concise information — but 
no obligation on your part. 


Baldwin Industrial Controls 


Baldwin Instrument Company Ltd., Dartford, Kent 
Telephone: Dartford 20948 & 26411 Cabies & Telex: Baldwin, Dartford 
A HARPER GROUP COMPANY 


INSTRUMENT DIVISION 


CONTROL April 1960 Tick No 123 on reply card for further details 








Tick No 124 on reply card for further details 


make LATie 


your starting point 






* Well-proved design. 


* Up-to-date folded section 
construction. 







* Rack tappings to suit 
British, U.S. and Conti- 
nental equipment. 


* Identical front and rear 
frames. 


* Unit doors of any size on 
front or rear. 


* Cooling by blower, extrac- 
tor fan or natural convec- 
tion without modification to 
rack. 






Precision 


PRECISION MADE TO YOUR 


GG MINIMOULDINGS 
are the product of a unique 
high speed method of injection 
moulding which minimises 
shrinkage problems and dimen- 
sional variation of conventional 
multi-cavity mouldings. Quan- 
tities 50,000 to millions. Avail- 
able in all Thermoplastics. 


HIGH DIELECTRIC STRENGTH 


GEORGE GOODMAN LTD 


ROBIN HOOD LANE - BIRMINGHAM 28 - Tel: SHIRLEY 4491 


168 





SIZES FROM NEXT-TO-NOTHING UP TO + oz. 
HIGH RESISTANCE TO ABRASION 


TOUGH, SELF-LUBRICATING, etc. 
AUTOMATIC INSERT MOULDING 


%& Send us one of your small assemblies for a‘ quick quote’ — it may surprise you! 
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Datum RACKS 


' are engineered to your requirements 
i In the finest quality zinc-coated steels and finished 
4 
















in high-relief hammer stove enamel; other finishes 
available to your own particular specification. 






Delivery period for most standard 
Racks is seven days. 


METAL PRODUCTS LTD. 37" 


COLNE WAY TRADING ESTATE - WATFORD-BY-PASS 
WATFORD - HERTS. 
Telephone: Watford 22351 





GROUP 


Telegrams: Datum, Watford 


AD/D13 





Parts in WYLON __@s 


CUT COST OF ENGINEERING PRODUCTS 






Thought about using 


—_ 


in Zinc Alloy? 


SPECIFICATION 





There’s nothing to touch GG 
MiniCasts for tiny metal 
parts — cost less because all 
machining, assembly, weld- 
ing, scrap and tool costs are 
either reduced or eliminated. 
Send for free details today! 


See Seg be eR igi stn. 


* Diecasting made by new 
high speed automatic process. 
Supplied completely trimmed 
ready to use. 
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$-BAND 

SPECTRUM ANALYSER 
Frequency Range 2640/3200 
Mc/s 


Absolute Frequency Measure- 
ment + 1.5 Mc/s. 

Relative Frequency Measure- 
ment + 250 Ke/s. 

Sensitivity minus 85db 
relative to ImW at the input. 


DC/AC VALVE 
VOLTMETER 

Ranges : 

Range in balanced D.C. 
position (centre zero) : 
+2.5V., + 7.5V., + 25V., 
+ 75V., + 250V., + 750V. 
Range in plus or minus D.C. 
position (left-hand zero) : 
5V., ISV., SOV., ISOV., ISOOV., 

Range in A.C. position : 5V., I5V., 50V., ISO0V. Accuracy 3%. 


TRANSIENT 
OSCILLOGRAPH 


Description : 
The Impulse 
Oscillograph has been 
designed particularly 
for the observation and 
recording of waveforms 
occurring in high 
“voltage testing of 
cables. The main aim 
was to give a simple 
and reliable operation 
in production testing, together with a very much higher accuracy than 
normally encountered in the oscillograph type of instrument. 


BECKMAN HELICAL 
PRECISION POTENTIOMETERS 


An extensive range of Helical potentiometers 
is available under the Beckman Registered 
name of “ HELIPOT”’. Illustrated here is the 
popular ‘A’ Series 10 Turn Helipot. Other 
versions available in |, 3, 15, 25, and 40 Turns. 
Full Range of Turns Counting Dials. 





The practical application of imaginative 
thinking, based on tested principles has 
produced, in Winston Electronic Equip- 
ment, a range of instruments that matches 
the rapid advance of industrial methods. 


SUB-CONTRACT. Full sub-contract facilities for the 
development and manufacture of Electronic Equipment 
and Sheet Metal Work. Coil Winding Facilities. A.I.D. and 
A.R.B. Approved. 


Write for full particulars of facilities available and catalogue 
of Instruments and Electronics. 


1960 





DECADE 
CAPACITOR BOXES 





PRICE £11-11-0O0 


SPECIFICATION 


* 

& 

* 

* 

= 

g 

cS 

Range 001 mfd to |.11 mfd. - 
on °° 

aa | 

.750VD.c. & 

o ee tw SR VERO = 

. Metal case and panel 2 
Blue hammertone case. Black s 
@ 

3 

* 

™ 

@ 

s 

= 

= 

*& 

* 

e 

© 

@ 

* 


Zero Capacitance .. . 
Accuracy ... 
Maximum Voltage. 
Terminals . . . . 
Mounting .. . 
eee 
and silver photoetched panel. 


IN ADDITION TO THE ITEMS FEATURED HERE THE 


WINSTON RANGE OF ELECTRONIC EQUIPMENT 
INCLUDES :— 


a 

& 

a 

# 

a 

cl 

* 

® 

* 

a 

s 

.7 

a 

a 

© 

mt 

a 

. Semi Decade Oscillator Beckman/Berkeley Range 
” Resistor Boxes Dials 

* Shockley Diodes 
‘a Sub-Contract Facilities 
a Sheet Metal Work 
* 
a 
am 
aw 
a 
@ 
a 
a 
” 
a 
a 
3 
® 
a 
w 
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Standard Metal Cases 


“X” Band Spectrum Analyser 
“L” Band Spectrum Analyser 
“L” Band Signal Generator 

Temperature Controller 
Transistor Curve Tracer 





ELECTRONICS LIMITED 


INSTRUMENTS — COMPONENTS — PRODUCTION FACILITIES 


GOVETT AVENUE - SHEPPERTON - MIDDLESEX 
Telephone : Walton-on-Thames 26321 /5 
Telegrams : Winston, Shepperton 
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EXHIBITION 
STAND BSI 
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TWICE 
THE 
EFFICIENCY 





EA 


CHIEF FEATURES ARE :— 
e 


A high level of accuracy, usually better than 1% overall, and 
good long term stability. 


Low cost — less than a quarter of the price of an equivalent 
conventional network analyser. 


Universal units each represent a wide range of network 
element, thus reducing the diversity factor. 


Ease and precision in setting up. 


F. C. ROBINSON 
> AND PARTNERS LTD. 


Councillor Lane Cheadle Cheshire 
Telephone: GATley 2469 and 4020 


yy 
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For a few seconds... 





. Or several hours 


The Hendrey A.C. 


TTC mm ELLs 





Incorporates a small self-starting, 
synchronous motor, which when ener- 
gised, is arranged to operate a micro- 
switchette after a pre-determined 
adjustable time delay has expired. 
Automatically resets on de-energising. 
The minimum time delay setting is in 
all cases 10°, of the maximum. Types 
are available for delays of up to 
several hours. Adjustment between 
minimum and maximum settings is 
by means of indicating knob. 





SPECIFICATION 


COIL and MOTOR: 
—Wound for 110 V. or 230 V. 50 c.p.s. 
Consumption—8 V.A. approx. total. 


SWITCH: 
—Micro-switchette 


RATING 
—4 amps, at 230 V. A.C. 


DELAY 
—The minimum delay setting recom- 
mended is approximately 10 seconds. 


DIMENSIONS 

—Width—3” (77 mm) 

Height—44” (115 mm) 
Projection—44” (105 mm) 

4—0.152" (3.86 CN dia. fixing holes 
Weight—2 Ib. (0.907 k.g.) 


We are exhibiting 
at the 
A.S.E.E. Exhibition 


Earls Court, Stand No. 





Hendrey Relays 


HENDREY RELAYS LTD. 


BATH ROAD, SLOUGH, BU 


Telephone: Burnham 609/61! 
rae ae RICAL os CONTROL AND 
RATORY APPARATU: 
On initia saa Ministries and ie Office Lists, 
A.1.D. and A.R.B. approved. 
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> | WHENEVER IT'S\A MATTER 
| OF 
SPAGE.... 


, 50 c.p.s. 
an Whenever it’s a matter of space this new wire-wound 
| potentiometer, of only 0.5 in diameter and weighing 
only 7 grammes, will eliminate your difficulty. 
| 
ond. FIVE STAR FEATURES 
* ONLY 0.5 in diameter, 0.5 wattage rating 
adie and ONLY 7 grammes in weight. 
xing holes 


* A wide resistance range of 
10 ohms — 10,000 ohms. 


% Resistance accuracy of + 5% as standard, 
%* High end stop torque. 
* Facilities for increasing operating torque. 





Full electrical and mechanical . ‘ ; on 
pee ; Available in two versions, one for standard wiring 
details are given in Data Sheet No. 10 


available on requast. circuitry, the other for printed circuit application 
with locating centres 0.2 in apart, both versions are 
ideal for transistorized equipment etc. 


BUCKS. 


po RELIANCE MANUFACTURING COMPANY (SOUTHWARK) LIMITED 
SUTHERLAND ROAD: HIGHAM HILL * WALTHAMSTOW * LONDON ° E.17 * Telephone No. (and for Cables) LARkswood 1118/9 
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ISENTHAL RHEOSTATS for reliable control 


Isenthal Sliding Rheostats are unsurpassed for their smoothness of 
adjustment, stability and mechanical strength. They are all 
electrically self cleaning and conservatively rated and the tube 
terminal stems are firmly locked in their mountings. Straight and 
graded windings in a wide range of ohmic values and current 
carrying capacities are obtainable and special characteristic 
windings can be supplied. 

The motor driven rheostat illustrated here is just one of the 
wide range manufactured by Isenthal. 


Please write for illustrated leaflet 255 R. 


ISENTHAL & COMPANY LIMITED, DUCON WORKS, VICTORIA ROAD, NORTH ACTON 


LONDON W.3 
Telephone: ACOrn 3904 Telegrams: Isenthal London 


1$23 


LEARN ABOUT THIS 
NEW CONCEPTION OF 
SMOOTH RUNNING... 


@ Even load distribution. Maximum 


300,000 r.p.m. 


permissible speed a a 


@ All needles supplied to a tolerance 
of + 0.00004” on diameter. 


BEARINGS 


Please write for 


your free copy 
INA NEEDLE BEARINGS LTD. otitin 


Dept. C. Dafen, Llanelly. Tel: Llanelly 2056 EF 
oak 2681. Telex: 4816. Technical es 


Head Office and Factory 


Handbook 


Ina Bearings are manufactured in Great and New 
Britain, France and Western Germany. Catalogue 
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" the case for perfect housing 


in electronics 

















FOR GCONTROL 


Desks and Panels 


Lintott fabrication serves the elec- 
tronic and nucleonic industries with 
Control Desks and Panels that 
enhance the operating scheme. 
Working in close collaboration with 
designers, Lintott produce units for 
all forms of process control, burner 
control, nuclear control, etc. This 
includes sheet metal work, surface 
finishing, flow diagram mounting and 
: installation of instruments and 
bui switchgear. Perfect housing helps to 

uilt to sell your equipment. Let Lintott 

customers’ specifications quote for construction on your next 


project. 


FOR EQUIPMENT... 
a flexible system of cabinets 


Lin-cabinets provide a standard and yet completely 
flexible system for housing electronic and electro- 
mechanical equipment. They are designed to accom- 
modate any arrangement of components and any 
combination of chassis. Each unit is self-contained, 
with built-in cooling or heating facilities, and are suitable 
for slight pressurisation. The three standard drawers 
of 8”, 12” and 16” can be used in any combination to 
give a total height of 52” and any number of cabinets 
can be interlinked. Lin-cabinets are K114 approved 
for the three Services and lend themselves to many 
applications. Plan your equipment layout with Lin- 
cabinets in mind and enjoy low installation costs, 
low maintenance costs, with maximum efficiency. 


Data Sheet LC. No. !. 


H. & E. LINTOTT LTD., Horsham, Sussex. Telephone: Horsham 3316 Telex 8746 


and at the AYLING INDUSTRIES GROUP London Office: GRAND BUILDINGS, TRAFALGAR SQUARE, W.C.2. 





Telephone: TRAfalgar 8282 
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FOR AIR, 
GAS,WATER 
OR STEAM 


PRESSURE REDUCING 
VALVES 


= 


WILLIAMS & JAMES encinerrs LIMITED ~ 
GLOUCESTER ENGLAND 


Pre-determining Counter with 
Auto-reset 


Single Digit Counters which 
can be assembled in groups. 
Forward or backward count- 
ing. Auxiliary contacts for pre- 
determining 


Electrical Reset High Speed 
Counters 


Our range of counters offers in the most compact 
Instantaneous Manual Reset 


form types for all requirements. The total full 7a 


25 impulses per second) 


° : ° : Send for full details of 
size width of the group above is only 6 inches. ic ian cae ante 


counters in our range to 


THE STONEBRIDGE 
ELECTRICAL CO. LTD. 


6 Queen Anne's Gate - London + $.W.1 
Telephone: TRAfalgar 1444 


Agents and Licensees in U.K. for *“‘SODECO’’, GENEVA. 
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g dc. Supply at 4 amps 










How to obtain high current 
constant voltage D.C. supplies? 


















You could use cumbersome batteries with their need 
for constant attention, but it is far simpler and certainly 
more reliable to use one of the new ‘Advance’ Constant Voltage 
D.C. Supply Units. This latest development in the application of = 

Constant Voltage Transformers can be used to provide various d.c. ose 
supplies up to quite high current levels, as used in computers and data o_o 
processing equipment. We shall be pleased to arrange for one of our technical WS 
representatives to call and discuss your requirements. S 




























These new D.C. Supply Units ... . 

® Provide HIGH CURRENT OUTPUT AT LOW COST 

®@® Are SMALL IN SIZE AND WEIGHT FOR VA OUTPUT 

® Have HIGH ENERGY RESERVOIR, thus are suitable for 
pulse, intermittent or variable loads 

® Operate with HIGH EFFICIENCY 





CONSTANT 
VOLTAGE 


ails of 
other 
inge to 





EXHIBITION 


D.c. POWER SUPPLIES “°°” 


Full technical details availoble in leaflet G 59 t) 
AWE COMPONENTS LIMITED 
— En nr — 


ROEBUCK ROAD * HAINAULT « ILFORD + ESSEX * TELEPHONE ! HAINAULT 4444 
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RELAYS? 






Everything points to 


DEPENDABLE 


Our wide range of relays have 
one thing incommon-—they are 
manufactured to the highest 
standards. Whether your need 
is for Automation, Transistor, 
Type 3000 or Type 600 Relays, 
you can leave your specifica- 
tions in our hands with 
confidence. 

Prototypes can be delivered 
in 1/7 days, and quotations 

for quantities and special 
orders given on request to our 
engineering department, 
which is always available for 
advice on special problems. 










gcd 


DEPENDABLE RELAY CO LTD 


8a Ainger Road Camden Town London NW3 Telephone: PRimrose 8161 


Please send me free illustrated brochure giving details of Dependable 
Relays 


NAME. 
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The Type RC4 conductivity controller and 
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ELECTROLYTIC 
CONDUCTIVITY 
eat 





measuring bridge continuously monitors the 
purity of processed waters, wash and rinse 
waters, steam condensate, effluent concentra- 
tion etc. and operates electrical ancillaries 
such as magnetic valves and visual or aud- 
ible signals, when the conductivity reaches a 
predetermined value. 


A wide selection of patented, indestructible 
measuring cells, which have precise and inter- 
changeable electrical constants, are available 
for use with the controller under a variety 
of conditions. Extremes of pressure and 
temperature up to 3,000 p.s.i. and 200°C are 
catered for. 


Plastic bodied, non-metallic cells are invalu- 
able for use with extremely pure water in 
which the complete absence of leaching is 
essential. 





Descriptive leaflet available upon request 


ra B FLECTRONIC 
te SWITCHGEAR 


ae (LONDON) LTD. 
LETCHWORTH - HERTS - 






TEL: 1853 


ELECTROLYTIC CONDUCTIVITY MEASURING SETS, 
RECORDERS, CONTROLLERS AND CELLS 
AND SOLID LEVELS 
PACKAGING 


CONTROLS 


FOR LIQUID 


TIMING + PHOTO 


ELECTRIC REGISTRATION «+ ETC 


47 VICTORIA STREET, WESTMINSTER, S.W.I. ABBEY 2771/5 


CONTROL April 








1960 




























OR a 








sr details 





——————_— 
aoe 


: 


1 request 


PHOTO 


eee 


EY 2771/5 





April 1960 

















All Liquids and Gases can 
be positively controlled 
by an Alcon Solenoid or 


Aco Air-operated Valve. Sizes 
from }” B.S.P. to 8” Bore. Pressures 
up to 1,500 p.s.i. Temperatures up 
to 300°C. Body materials to suit all 
media including corrosive acids, with 
Standard, Weatherproof or Buxton 
Certified Flameproof Solenoid hous- 
ings. Glandless, Fluon Glands or 
Stainless steel Bellows glands. 

AIR-OPERATED Type 
AOD — Heavy duty air operated 
units individually designed for control 
applications beyond capabilities of 
Solenoid types. For pressures up to 
1,500 p.s.i. Sizes }” B.S.P.—8”" Bore. 

SPC.3—Three-way valves 
for electro-pneumatic control 
systems. Sizes up to }” B.S.P. for use 
with air up to 150 p.s.i. 


MIDGET Type ACO— 
Sizes up to 3” B.S.P., used for control 
of Air, Gases, Water, Oil at pressures 
up to 300 p.s.i. Single way—Reverse 
acting—three-way types available. 

ACH—Hand Reset type, 
closing automatically on current 
failure, for low and medium pressures. 
Sizes from 3” B.S.P. to 6” Bore. 
Inexpensive, simple construction, 
reliable in operation. Also available 
type ACHL. Lever 
operated for use 
with steam, hot 
water and pre- 
heated fuel oils. 
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*Phone : SUTton Coldfield 5227-8-9 


ALEXANDER CONTROLS LTD., REDDICAP HILL, SUTTON COLDFIELD, WARWICKSHIRE 
A MEMBER OF THE CONCENTRIC GROUP OF COMPANIES 
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TANK CONTENTS CONTROLLER 


High and low level control or alarm is effectively available 
with the K.D.G. Tank Contents Controller. Suitably wired for pump 
control, warning lights, klaxons or motor starters. It requires no 
outside source of power for indication. 


This unit is available for use with most liquids including pure 
foods and corrosives. 


Full details and specifications of the complete K.D.G. range are readily 
available from :— 





















K.D.G. INSTRUMENTS LTD Stoweantnens trp 


MANOR ROYAL - CRAWLEY - SUSSEX TEL.: CRAWLEY 25151 
LONDON SHOWROOMS, SERVICE AND SALES: 100 FLEET STREET, LONDON, E.C.4. Telephone: FLEet 5354/5 











Smooth stepless speed variation 

from input speed down to zero r.p.m. 
with accurate control by Handwheel, 
Remote Electrical or Lever arrangements. 


Carter Variable Speed Gears may be used 
to pick up loads from zero r.p.m. 

and speed control setting may be adjusted 
with the drive running or stationary. 


Manufactured in ten sizes for ‘A’ Type 
fractional up to 40 horsepower drives. F Carter Gone 
fitted with 


Write for Folder 1660. 








Caricr Gears are d BRADFORD 3 YORKSHIRE ENGLAND 


Tick Ne 140 on reply card for further details CONTROL April 1960 


—— 








Tick No 141 on reply card for further details 











Safety Cut Out Type T 
Type H Mk. Ill Mk, Xill 


Type A 
Mk, VI 


MINIATURE 





SNAP ACTION 


THERMOSTATS & SAFETY CUT OUTS 


For Quartz Crystal control Radar & Electrical Equipment 


* 
* 
* 
* 
R 


Control Gear and Airborne Equipment 
Individually and accurately factory set 
Long life and stability 

Robust and reliable 

Up to 20 amp. 250 V. rating 


TROPICALISATION—metal parts may be silver 
plated, and top grade insulation is used. 


All Otter thermostats ‘‘ Press their contacts together to 
open them with a SNAP!”’ 


‘A’ Type 
ter Gear 
tted with 
Electrical 


1 Control OTTER UU a 





1960: 
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TRIP AMPLIFIERS 


for monitoring 


TEMPERATURE, STRAIN, 


and any low level d.c. signal. 


Some salient features : 


Transistorised high-speeed chopper 
amplifier. 


Relays and lamps operate at alarm 
and trip levels. 


Trip margin indication with two 
scales at 10:1 sensitivity ratjo. 


Lockable pre-set trip level control 
calibrated 0 — 1000. 


Rejects extraneous 50 ¢.p.s pick-up. 


Incorporates all possible fail-safe 
techniques. 


Compact size, 83” x 3$” x 13” 
deep allows 5 units per standard 
19” rack. 


For further information please contact: 








MURPHY RADIO LTD (ELECTRONICS DIVISION) 
WELWYN GARDEN CITY, HERTFORDSHIRE. 
TEL. No. WELWYN GARDEN 3434, 
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RELAY USERS 


“ GORREX” 
TENSION GAUGES 


The only instrument 
solely designed for accur- 
ately measuring tension 
on Relays, Contacts, 
Switchgear, and electri- 
cal apparatus of all kinds. 
Gauge measures’ in 
grammes, and a large 
range of sizes is produced 
to cover from 0.3-2,000 
grammes. 


Swiss made and guaran- 





teed. 


Write for illustrations and prices from the 
Distributors throughout the U.K. 


JAMES W. CARR & CO. LTD. 


Dept. SALES 7-15 Rosebery Avenue, LONDON, E.C.1 
Telephone TERMINUS 8866 (P.B.X.) 
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from 1/250th to 4rd h.p. 


UNIVERSAL 1/250 to j h.p. 
SINGLE, SPLIT-PHASE 1/100 to 


} h.p. and CAPACITOR | /80 to 
We have been in 


SYUOLOW YIMOMdISHUOH AYNOILIVUA 





= the forefront of 1/6 hp. 
developing Fractional 3-PHASE 1/20¢ | h.p. 

Horse Power SYNCHRONO 1/100 to 1/16 h.p 
Motors for the past SHADED POLE /1é0 h.p. at 
25 years in the 1.300 
industrial field, and ° ae 
a ca aaa GEARED UNITS 0.125 to 
large variations 600 r.p.m 
in demand. Torque up to 850 Ib/in. 

Send for 

illustrated leaflet 

No. ABS7/G 


showing our 
range of motors. 


FRACTIONAL H.P. MOTORS LTD 
Rookery Way, N.W.9. Phone: Colindale 8022/3/4 


Agents: S. Birchall, 31 Malden Drive, Monton, Eccles, Manchester. Tel. Eccles 18084 
Law & Piumtree, ‘Glenholme’ Holme Rd., Matlock Bath, Derbyshire. Tel Matlock 326 


DaF460.C. | 
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AIDCOLA, 


(Regd. Trade Mark) 


THE 
ELECTRONIC INDUSTRIES 
SOLDERING TOOL 
FOR THE 
TRANSISTOR AGE etc. 


ELECTRIC SOLDERING 
EQUIPMENT 


Manufactured in all Volt Ranges 
from 
6/7 to 230/50 Volt 
with elements 
Insulated from Earth 





A PRODUCT FOR 
PRODUCTION 
Designed for continua! 





dopeL use on bench line assembly 
(Cat. No. 70) 
PROTECTIVE 

SHIELD BRIT. FOREIGN PATS. AND 
(Cat. No. 68) 


REG. DESIGNS ETC. 
Standards approved in 
all leading countries 





Catalogues 

Head Office, Sales & Service 
ADCOLA Products Ltd 
GAUDEN ROAD 
CLAPHAM HIGH STREET 
LONDON SW4 


Telephones 
MACaulay 3101 & 4272 





+ op ores 
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DRALLIM 
MULTI-WAY SELECTOR VALVES 


EASY 
<q PANEL 
MOUNTING 


NO LEAKAGE > EASY 
BETWEEN TO 
PORTS < SERVICE 


ADJUSTABLE LONG 
2 LIFE 


201 TYPES NOW AVAILABLE 


(PATENTS PENDING) 
Send or phone for specification sheet No. 2 


DRALLIM INDUSTRIES LIMITED, 


STATION WORKS, WESTHALL ROAD, 
UPPER WARLINGHAM, SURREY, 
PHONE:- UPPER WARLINGHAM 2873 
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RESEARCH BEARS FRUIT 


Research into methods, research into 
materials enable the diversity of 
NG transformer and transduction pro- 
ducts designed and manufactured 
by Aero Transformers to be continu- 
ally expanded. Why not consult us 
now with your transformer problem. 


Improved R.C.S.214 vacuum varnish 
impregnation process giving very low 
temperature gradients. 





AERO 
TRANSFORMERS } 
: LTD. h 
Y /} 
229, SHENLEY ROAD, 


’ BOREHAM WOOD, HERTS. 
Telephone : RADLETT 4921/2 
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KEARFOTT 


SIZE RESOLVER 
for a wide range of 
computing applications 
and position control 


Pullin Kearfott precision resolvers to BuOrd size 11 stan- 
dard with two separate phases on the stator and two phases 
with common terminal on the rotor. 

Output is a sine and cosine expression of rotor angular 
position. Applications include the rotation of rectangular 
co-ordinates or interchange of rectangular and polar 
co-ordinates in computer work and precision phase shifting. 





Type I IRI3N4 high impedence 
Type |IR2N4 low impedence 


Electrical Characteristics 


1IR2N4 


Input voltage at 400 cycles, volts 
Input current, milliamps 

Input power, watts 
Transformation Ratio 

Voltage gradient volts/degree 
DC resistance rotor, ohms 

DC resistance stator, ohms 
Phase shift degrees 

Residual voltage total, millivolts 
Residual voltage fundamental, millivolts 
Electrical Error, minutes 


TERMINAL 
CONNECTIONS 


53 Ry 


R. B. PULLIN & CO. LTD. 


PHOENIX WORKS 








GREAT WEST ROAD . BRENTFORD MIDDLESEX 
Cables: PULLINCO-WESPHONE LONDON Telephone: ISLeworth 1212 
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SINCE I880 . 
Makers of Precision : 

Gears 

d 

f 

! 

! 

















SECONDS TIMER 


SHEWING : 
Divisions of One Tenth of a Second. 

Visual Record of Tens and Hundreds up to one Thousand. 
Instant Start and Stop by Electrical means. 
Manual Re-set to Zero. 

Special Extra—Reversible Motor for Re-set. 


All types up to 8’ diameter 
10 to 64 D. P. 


Send your enquiries to:— 


G. W. EVERY & SONS LTD. 
49 Thornhill Rd., Islington, London, N.1 
Telephone: North 1827 















Makers of Timers of all sorts. 


DEVON INSTRUMENTS LIMITED 
GLOBE HALL WORKS, TOPSHAM. Topsham 3547 
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RENOLD Sprag Glutches 
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transmit more torque for size and 
weight than any other clutch 


for *BACKSTOPPING 


as illustrated on this conveyer headstock drive 










*A shaft in conjunction with one 
race can rotate freely in one 

direction but is prevented from 
reversing; there is no measurable 
reverse backlash 


FO PRD Sh Ge felt dams chour comprare 


REQUEST range of over 70 standard 











Paes 
a cS 
aaa for eens. '- GET) RENOLD CHAINS LIMITED 
ANERLEY WORKS. LONDON SE.20 #5, yay: ee See eee eer ee MANCHESTER 
: running with low drag. ow 
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SERVICE DE RENSEIGNE- 
MENTS POUR NOS LECTEURS 
Il est souvent difficile au client 
publicitaire d’indiquer dans un 
espace resireint tous les détails 
de ses produits. Dans le cas ob 
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If you would like further information about any advernse- 
ment or editorial item, simply tick the appropriate numbers 
on this card and mail to CONTROL. 
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AUSKUNFTSDIENST FOR 
LESER 

Es ist oft schwierig far Inserenten 
alle technischen Einzelheiten 
aber ihre Produkte in einem 
begrenzten Platz zu bringen. 
Sollien Sie noch weitere Aus- 
kanfie witnschen, streichen Sie 
einfach die bestimmten Nummern 
auf der nebenstehenden Karte an, 
und senden Sie sie an CONTROL 
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NATURE OF BUSINESS 


806 807 8 810 
811 814 815 816 818 820 


SERVIZIO D’INFORMAZIONI 
PER | NOSTRI LETTORI 

E’ talvolia difficile all’inser- 
sionista di indicare in uno 
apazio ristretto tutti i particolari 
dei suoi prodotti, Qualora de- 
sideraste ricevere pik ampie 
informazions a questo riguardo, 
favorite segnare il numero 
appropriato sul cartellino qui 
accanio ed inviare quest’ultimo a 
CONTROL 
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SERVICIO DE INFORMACION 
PARA EL LECTOR 

Se hace a menudo dificil para 
los anunciantes dar en un 
eepacio limitado todos los detalles 
téenicos sobre sus productos. Si 
desea ulterior informacién, 
marque los nimeros apropiados 
en la tarjeta opuesta y mdndela a 
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If you would like further information about any advertise- 
ment or editorial item, simply tick the appropriate numbers 
on this card and mail to CONTROL. 
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Business Reply Folder Licence WD 1823 
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Rowse Muir Publications Ltd, 
The Rowse Muir Building, 
77-79 Charlotte Street, 
London, W1 

England 
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Rowse Muir Publications Ltd, 
The Rowse Muir Building, 
77-79 Charlotte Street, 
London, W1 

England 


Business Reply Folder Licence WD 1823 


CONTROL 

Rowse Muir Publications Ltd, 
The Rowse Muir Building, 
71-19 Charlotte Street, 
London, W1 

England 


Great Britain 
or Northern 
Ireland 


No Postage 
stamp 
necessary 
if posted in 
Great Britain 
or Northern 
Ireland 
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MULTI 
CONSTAFLO 
An accurate 
metering valve 
for flow rates 
up to 86 g.p.m. 
Sizes 4” & 2”. 










aeemwFLOQ controls 








for positive and precise 


regulation of hot or cold water, 







TRUFLO 


For positive 
flow-rate control 
with minimum 

(0-1 g.p.m.) or 
maximum (40g.p.m.) 
limits. 





light oils and air. 


















Constatlo conrtrot 


FLOMAX 


A solenoid valve 
for maximum 
flow rates. 

Sizes up to 

13° B.S.P. 






FLOMITE 
A direct acting 
solenoid valve for 
small flow and 
volume control. 
Sizes }” and }” 










positive 





flow rate 
control 


for 















water-oil-air The “Constaflo” is designed to deliver one 
set rate of fluid flow regardless of variable inlet pressures between 10-200 
Ibs. p.s.i. It automatically measures a predetermined amount of flow regardless 










STRAITFLO 
A straight line strainer, installed in the 
supply, having the entire strainer area 
within the flow way itself. Sizes up to 14” 


of variable pressures and eliminates unnecessary waste. A fixed rate of outlet 





flow is assured as the flow is regulated in direct proportion to the inlet pressures 
exerted against the diaphragm. The “Constaflo”’ is available in three sizes, to 
cope with rates of flow from -1 to 7 g.p.m., it is of high quality non-corrosive 
bronze, and is both durable and reliable. The ““Constaflo” can be used with 
a timing device for measuring quantities, subdues pressure hammer and flow 











FLOMETRIC 


Solenoid valve 
combining 
consistent flow 
control with 
filter protection. 
Flow rate from 
} g.p.m. to 

44 g.p.m. 


surges, and reduces maintenance of appliances and equipment. 
The “Constaflo” is one of seven Birflo controls, each designed to solve flow 
problems. 

























Made under licence from the 
Hayes Manufacturing Co., Erie 6, P.A. 





Product of BIRFIELD GROUP experience and resources 






Fully informative leaflets on all the 
Birfio Controls are available on request. 







Enquiries to: LAYCOCK ENGINEERING LIMITED + MILLHOUSES = SHEFFIELD 8 
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SAVE TIME! ELECTRONICALLY 





ELECTRICAL REMOTE 
CONTROL CO. LTD. 


Manufacturers of Electrical 
Timing and Control Apparatus 


* Range of fully automatic process timers for AC 
and DC. 


* Range of cam operated hand reset process timers 
for AC and DC, 


7, Multiple contact and mercury relays for AC and 
DC. 


* Special purpose control panels to customers’ 
requirements. 


Miniature automatic 
synchronous timer type 
ZX 1-12 continuously 
adjustable independent 
timing circuits with or 
without time setting dials. 
Timing ranges between 
0-30 seconds and 0-28 
days. Switching capacity 
10 amps at 230 v AC: 
Overall dimensions of 
2-circuit unit 22” x 34” x 52” 


HARLOW, ESSEX 


Tel.: Harlow 24285 





Tick No 155 on reply card for further details 


This is it! 


AT LAST, a sensible Diode Tester at a sensible price, small 

yet robust and packed with practical ideas. 

* Will test all semi-conductor diodes, including Zener 
types. 

* The diode, once connected, need not be touched until 
its complete characteristics have been taken. 

D.C. RANGES COVERED: 

* Current: 5 amps to 50 micro-amps full scale. Voltage: 
3 volts to 1200 volts full scale. Four position switches 
with visible indicator give maximum safety. 

* Both voltage and current ranges can be tailored to 
individual requirements. 


’Phone Walton 21302/3 or write for full specifications to 


R. E. THOMPSON & CO (/nstruments) LTD 


HERSHAM TRADING ESTATE * WALTON-ON-THAMES * SURREY 


Tick No 159 on reply card for further details 


ean 








( WATFORD TYPE B) 


High Speed Counter and Batch Selector 


Counting up to 9,999,999,999 

At a rate of 4,000c/s per sec. and batching any 
number from 1—10,000 at 5 batches per sec. 

Input pulse can be obtained by photo-electric source, 
or electrical contacts, according to customer’s 
requirements. 

This Instrument is complete with change over contacts 
for controlling external circuits. 


Less elaborate Counters and Electronic Control Equipment 


made to special requirements. 


Precision Engineers Ltd. 


c 

‘ COLONIAL WAY - STATION ESTATE 
WATFORD - HERTS. 
Telephone : WATFORD 26259 
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Simplified Control with 


NEUMO 


AIR OPERATED PUMPS 
and MOTORS 


Many industrial users are 
finding that control of 
liquid flow by means of a 
simple valve in the delivery 
line is all that is required 
when using Neumo positive displacement air operated pumps. 
This valve may be at any distance from the pump enabling 
operators to control pumps at distant points of delivery. 
The system is reliable because no extra control gear is employed, 
the pump merely stalling by back pressure in the delivery line 
and recommencing delivery upon release of the pressure. The 
possibility of raising undue pressure in the line is avoided by 
automatic over-load devices in the pump which can be set to 
come into action at a predetermined pressure. 
Pumps are made in a wide variety of materials to cope with all 
liquids. Neumo motors containing only two moving parts are 4 
safe, reliable means of obtaining reciprocating motion and again 
may be stalled without damage. 

Write for further details to: 


NEUMO LIMITED 


South Coast Road, PEACEHAVEN, Sussex. 
Telephone: Peacehaven 2115 & 3354. 
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PLEASE : ir: BURGESS 
ASK FOR 7 he PRODUCTS 
MORE DETAILS = ; COMPANY LTD 


Th e - = MICRO SWITCH DIVISION 

ere are many other Miniature Micro = ‘ Dukes Way, Team Valley, Gateshead 11 
Switches and Actuators besides the few ———— = Telephone. Low Fell 75322 (3 lines) Telex: 53-229 
Illustrated here. All have the famous = London Office: 127 Victoria Street, S.W.) 


BURGESS long-life mechanism. Telephone. TATE Gallery 0251 (3 lines) 
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Write for 
Catalogue G. 100 
Temperature Control 


THE GRAVINETTE Switches 





THE GRAVINETTE CARTRIDGE TYPE SERIES 1000, TENSION OPERATED 


A miniature precision unit for Surface Mounting, to provide These precision temperature control switches are designed 


i > 12 re 2 icati s Te ° 1 ¢ i ° x ac ie 
for optimum temperature control on applications where primarily for use in heater blocks, heated plates and similar 


space is at a premium, The Gravinette is an adjustable unit BEY : ; E 
E applications where excessive moisture or vapour is not present. 

and is offered in four versions :— , : 

Type TCS 3150, normally closed, range—yo°C to 100°C, Possessing the desirable features of the ideal thermostat, the 

Type TCS 3151, normally open, range—70°C to 100°C, Graviner Temperature Control Switch is of convenient size 

Type TCS 3250, normally closed, range 40°C to 250°C, and shape, adjustable and resistant to vibration and shock, 

Type TCS 3251, normally open, range 40°C to 250°C, and easy to install. 


Normal rating 1 amp. on 250v ; 
1.C., and 2 amps on 28v DC. Current Rating 5 amps 250v. A.C. for standard types. 


AWWA, 








eee, 






NAN eee 






Arsene Neanneee 


For further details of our complete range write or telephone 


GRAVINER - COLNBROOK : SLOUGH : BUCKS 


$§| SWITCHES Telephone: Colnbrook 2345 
Specialists in Airborne and Industrial Fire and Explosion Protection, Nuclear Development and Production Engineering 


Keep those Condacks CLEAN 


by using a 


SEPI 


DIACROM SPATULA 


The “ Diacrom” is a metal spatula upon which 
diamond powder has been deposited by a special 
process. No deep scratches are possible because 
density is controlled and the polishing of the 
contacts is achieved by a gentle brushing motion. 
With coloured nylon handle for complete insula- 
tion and easy size identification. 


















® Grain size 200, thickness 55/100 mm., both faces diamonded. 
For quick cleaning of industrial relays and switching equip- 


ment, etc. 

* Grain size 300, thickness 55/100 mm., both faces diamonded. 
For smaller equipments, like telephone relays, computer 
relays, etc. 


® Grain size 400, thickness 25/100 mm., one face diamond:d. 
For sensitive relays and tiny contacts, Two close contrcts 
— each other can be individually cleaned, because only 
one face of the spatula is abrasive. 

Actual size of Spatula 


Manufactured in France 
British Patents applied for. 


. oe ;, Sole Distributors for the United Kingdom 
S. GUITERMAN & CO. LTD -: 37 SOHO SQ., LONDON W.|I > Phone: Gerrard 257! 


As supplied to the War Office, U.K.A.E.A., Electricity Generating Boards, British Railways, and other public authorities and also to leading electronic and industrial 
users throughout the United Kingdom 
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Dey St ae), 13 
TRANSFORMERS 


witches 





a ae 
th are chosen by the 
— TRIK ELECTRICAL CO. LTD. for use in their 
TRIXADIO PASSENGER ANNOUNCEMENT SYSTEM 
- | fitted in Comet Jet Airliners 


FORTIPHONE TRANSFORMER DIVISION (DEPT. 3) 92 MIDDLESEX ST. LONDON €E.1. 


Relays to specification 


POST OFFICE 
TYPE 3,000 
AND 600 RELAYS 


A NEW DEVELOPMENT— illustrated 

here is our P.O. Type 3,000 Relay 

with sixteen changeovers with Light 
Duty Silver or Platinum Contacts. 

P.O. TYPE 600 RELAYS with Heavy Duty 
Contacts rated at 8 amps. also available. 
Complete range of both types manufactured 
to specification. Prototypes 24 hours. 
P.T.F.E. insulation now available. 
Specialists in TROPICAL FINISHES. 
Guaranteed to full A.1.p. 

and 1.€.m.8. standards. 








ance 
| for. 
Approved by the Admiralty, 
Post Office and U.K.A.E.A. 
All relays guaranteed made 
lard 2571 in our own works. , 
ee Manufacturers to H.M. Government Departments and leading Contractors. 


L. E. SIMMONDS LTD., 5, BYRON ROAD, HARROW, MIDDX. TEL: HARROW 7797/9 TELEGRAMS: SIMRELAY HARROW 
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For something 
gripping... 











MILLIONS 
MORE 


valve reversals 


LEA Nile paca 





hand contro! 
valve 





... it pays to install wT toa 









single peda! 
foot valve 












* Manual Hydraulic, Motorized INCREASES VALVE LIFE SOLENOID 
Hydraulic or Air Hydraulic many times co re! valve 
k Plungers from Ye Ton thrust cece eee res 
(!¥2" outside dia.) to 4 Tons thrust coefficient of friction equalled ‘only by wet 
(3” outside dia.) vevereerds, Oe 





All other working parts made from bronze 


Pipe fittings for all sizes or stainless steel. Range }’—1‘B.S.P. Short 
also available delivery. Also a complete range of cylinders 





from |” to 10 bore, cushioned and non- 
LIMITED cushioned, Send for catalogue. 






PNEUMATIC LTD 
NEW CROSS: WOLVERHAMPTON 
Write for Brochure F4/243 


VALETTA ROAD, ACTON, W.3. *Regd. Trade Mark—I.C.1. LTD. telephone: 32501-2 
Tele e: Shepherds Bush 3443/6 Telegrams: Newsorber, Ealux, London 
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MERCURY SWITCHES TO INDICATE CONTROL OR RECORD 
TEMPERATURE 


-_ 











ONE[OF OUR [RANGE OF OVER 
1,650 TYPES FOR ALL PURPOSES 






For accuracy, ease of reading, robustness, economy and long, 
trouble free life install Rototherm Thermometers, Controllers 
and Recorders. Specialists in bi-metallic applications. 


Write for details. 


ototherm 


BI-METAL MERCURY-IN-STEEL VAPOUR PRESSURE 
THE BRITISH ROTOTHERM CO. LTD. 


Merton Abbey, London, S.W.19 LiBerty 766! 
Midland Factory: Hollis St., New Basford Nottingham 77 

















ALSO MERCURY SWITCH UNITS FOR 
HAND OR MECHANICAL OPERATION 
AND MERCURY SWITCH RELAYS 


| A . Ref. C., 10 CHASE ROAD, 
© a e LTD., LONDON, N.W.10 


Telephone ELGAR 7281 & 7285 
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SINTERED GLASS TO 
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Hollands Rd . Haverhill Suffolk 
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FUEL EFFICIENCY AND POWER 
FOR INDUSTRY EXHIBITION 
OLYMPIA, LONDON 
27th APRIL TO 6th MAY 1960 
STAND NO. 7 ROW A 


INSTRUMENTS, ELECTRONICS AND 
AUTOMATION EXHIBITION 
OLYMPIA, LONDON 


23rd TO 28th MAY 1960 
STAND NO. 155 ROW D 






















2 CHANCES 


to see what 








can do! 


Do not fail to visit us at our stand and see for yourself how Gordon instrumentation and control 
can increase efficiency in your boiler plant. 


Automatic combustion control, pneumatic or elec- bypasses. Complete boiler plant instrumentation 













and long, tronic, for boilers and furnaces of all types and sizes. including indicating and recording instruments for 

ontrollers Temperature control for superheated steam tempera- | COz, pressure and vacuum, temperature, flow, liquid 
tures. Steam desuperheaters and reducing, overflow _level, B.T.U., etc. Igema distance boiler water level 
and relief valves for regulating pressures and indicators. Mono automatic gas analysis recorders 
temperatures in chemical processes and turbine for CO2, CO, H2, Or, SO2, H2S, etc. 

Tickets available on request. 
k PRESSURE JAMES GORDON & CO. LTD 
LTD. 
IBerty 766! Dalston Gardens, Stanmore, Middx. Telephone: Wordsworth 3631 
gham 77 













il 1960 
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HYDRAULIC 
SERVO 
TESTING 


TPANSFER 
FUNCTION 
ANALYSER 


Made easy and accurate 
with Servo Consultants’ 
Transfer Function Analys- 
ers and Automatic Nyquist 
Plotters. 


CONTROLLED 
MECHANISM 
MECHANICAL 
LINKAGE 


INPUT 
CONTROL 
POSITION 
TRAN SOUCER 


These versatile instruments may also be used for: 


* AC Servo Testing 
* DC Servo Testing 
* Mechanical input system testing 


Wealso manufacture Very Low Frequency Generators, Pro- 
cess Analysers and a Standard Range of Servo Gear-boxes. 


Servo Consultants Ltd. 


10 Bouverie Place, London, W.2. Tel. PAD 2811 


For full ! 
details ' 
write to: : 
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PENNY & GILES 


MUDEFORD * CHRISTCHURCH * HANTS 
TELEPHONE HIGHCLIFFE 2855 


RECTILINEAR 
POTENTIOMETERS 


FOR REMOTE INDICATION AND 
RECORDING OF DISPLACEMENT 


STROKE LENGTHS 
Up to 9 inch for Type LP 2 
Up to 24 inch for Type LP 1 
TWO RESISTANCE ELEMENTS 


AMBIENT TEMPERATURES 
Available for use in the following ranges 
50°C to + 85°C 
50°C to +150°C 
50°C to +250°C 


RESOLUTION of 0:00! inch can be achieved 
WRITE FOR DATA SHEETS 
Also manufacturers of potentiometers in size 11 


and size 15 synchro mountings. 
Single and multi-gang. Single and multi-turn. 
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PLAN your visit to 
LONDON «¢, 


23-28 MAY 


SA 
4 


INSTRUM ain’. 
ome 


over 500 exhibitors from 


Austria Great Britain 
Belgium Holland 
Czechoslovakia Italy 


Denmark 
East Germany 
France 


Poland 
Switzerland 
United States 


West Germany 


OLYMPIA LONDON 
23-28 MAY 1960 


Open 10 a.m. - 6 p.m. daily Admission 5/- 
Season Ticket 10/- 


Further details from 
Industrial Exhibitions Ltd., 
9 Argyll Street, London, W.1. 


LARGEST 
IN THE WORLD 
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INSTRUMENTATION 
NUCLEAR - CHEMICAL - ELECTRONIC 





Portable 


CONDUCTIVITY BRIDGE 
TYPE BCI 








Fully transistorised, it operates at 1500 c/s from 
a small long-life dry battery. It covers the 
wide range of 0.5 to | X 10® micro mhos in 
six ranges. 












A mains-operated bridge is also available. 


It covers the range of 0.05 to | X 10® micro 
mhos. 






A. M. LOCK & CO. LTD., 


PRUDENTIAL BUILDINGS, OLDHAM, LANCASHIRE. Tel: MAIn 6744 








SZUUNNNOOUUAANTEUAHAREEUAAAAEUUAAEEUU AANA ANE UAHA AEN UUHGGNUUUOAEOUULGNERUUEOROEUUUGANO UU UOEEROU AAA UARO ANNE 






50 c.p.s. SERVO MOTORS 


DESIGNERS & MANUFACTURERS OF :— 


400 c.p.s. Continuity Sets, A.C. Servo- 
motors and Servo-Amplifiers, ‘Perminduct’ 
three-phase Synchronous Motors, Con- 
verters and Inverters, Frequency Changers, 
Rotary Transformers, Permanent-magnet 
and Electro-magnet, D.C. Motors, D.C. 
Generators and Alternators. Tape Recorder 
Motors, High Speed Motors, Fan Blower 
Motors, Synchronous Motors, Single and 
Polyphase Induction Motors, Hand 

' Generators, 400 c.p.s. Continuity and 

Standby Sets, Tachometer Generators, 

by WAL TER JONES Geared Motors and Geared Units, Speed 
Governor and accurate Governor Controlled 
Machines, Power and Audible Frequency 
Alternators, Speed Voltage and Frequency 
Regulators, Motor driven geared Inter- 
rupters for the sending of complex 


repeating pulse trains, Special Research 
and Laboratory Equipment. 


STAND Q8 WALTER JONES & CO. 
A.S.E.E. EARLS COURT (Engineers) LIMITED 


RANGE : —40, 60, 90, 150 oz. inches 
stalled torque. With magnetic 
amplifier control units, tachometer 
generators and gearboxes if required. 


——a fine range 
of small power electrical 


rotating equipments. 





nt 
LL 


Newlands Park, Sydenham, London, S.£.26. Tel. SYD 6264-5-6 








= Alluiiill 


parC LLL LULU CDA LOT LCC ULC 
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CLASSIFIED- ADVERTISEMENTS 


DISPLAY ANNOUNCEMENT RATES:— | insertion 40/- per single col. inch 


6 insertions 38/- per single col. inch 
12 insertions 36/- per single col. inch 
Loans ANNOUNCEMENT RATES:— 4/- per line. 5% discount 6 insertions, 10% discount 12 insertions 


X Nos.:— 1/- extra will be charged 
COPY DATE:— Advertisements for May issue to be received not later than 25th April 


SITUATIONS VACANT 


A SENIOR DEVELOPMENT ENGINEER 


and 


A PROJECTS ENGINEER 


required for the development of 
CONTROL SYSTEMS | RANK PRECISION 
embodying INDUSTRIES LIMITED 


Mechanical, Hydraulic and Electrical Components 


The SENIOR DEVELOPMENT ENGINEER should possess an Engineering Degree and Central Research Laboratories 
have had several years’ experience with closed loop control systems. He will be responsible } ‘ ¢ ac: ~ g 
tc the Technical Manager for the activities of the development teams: he must have both have a vacancy for a 
technical and organising ability. 


The PROJECTS ENGINEER should have either a degree in Engineering or H.N.C. and SERVO-MECHANISM 
some experience in control engineering. He will work under the Senior Development 
Engineer. 
The salaries offered will be appropriate to the responsibilities involved and the experience ENGINEER 
and qualifications possessed by the candidate. Both the posts offered are pensionable. 
The Company is situated in a part of England offering many local amenities often not to work initially on the design of a 
available in more industrialised areas special purpose rapid response hy- 
draulic servo-mechanism for use in 
Technical Manager, Ardleigh Engineering Limited, the Xeronie Computer Printer. Appli- 
Port Lane. Colchester. Essex cants should be able to show ability 
eet eae ee ee in the analysis and design of servo- 

mechanisms and should preferably 
have experience in the use of hydraulic 
components. 

he laboratories are responsible for 
new developments over a wide field 
; and offer scope for engineers with 
. . - - initiative. A staff pension scheme is 
The OVERSEAS ENGINEERING DEPARTMENT in operation. 
of the Please apply in writing, giving 


DUNLOP RUBBER CO. LTD.. | details of qualifications and experi- 


ence, to:— 
requires a first-class The Laboratory Manager, 
INSTRUMENT DRAUGHTSMAN sax deine 
to work in their BIRMINGHAM offices on the design and detail of INSTRU- — LIMITED ; 
MENTATION/CONTROL SCHEMES for processing plant. An attractive F . 
salary will be paid to the person appointed. Sulgrave Road, Hammersmith, 


Applicants should possess a HIGHER NATIONAL CERTIFICATE London, W.6 
(ELECTRICAL OR ELECTRONIC), and have a wide experience of instru- 
mentation, including measurement and control of temperature, flow and 
pressure. 


Those interested should apply to:— 


giving all relevant information and salary expected. 














This post will be pensionable to men under 44 years of age at the time of 
engagement. Those interested should write in confidence, giving age, experience, INSTRUMENT ENGINEER. The Instru- 


commencing salary expected and quoting reference OE/M, to: mentation Division of Associated Electrical 

Staff Officer, Employment Department, Industries Ltd. requires a Junior Engineer, 

Fort Dunlop, Erdington, Birmingham, 24 aged 22-27 years, to assist in the design of 
instruments and automatic control systems, 
covering various industrial fields. The duties 
will involve frequent short periods of site 
work. A good background in instrumenta- 
tion (electrical and/or pneumatic), and quali- 


INDUSTRIAL | MECHANICAL 
ELECTRONICS DESIGNER fications up to at least O.N.C., are essential. 


The position will be based at Harlow, 
ELECTRONIC ENGINEER | Hilger & Watts Ltd., makers of scientific Se ee 


; . ‘ instruments, invite applications for this post. Essex, where rented accommodation may be 
required by Automatic Contactor 


— available if required. 
5 : | Applicants should possess at least H.N.C 
Control Gear Maker, to establish | Brenan Anas te 


or be Graduate members of the Institution 
a department for the Development | of Mechanical Engineers, and have some 


and Application of Industrial Elec- knowledge of Electro-Mechanical Devices. in ae canes, must me full 
tronics mainly in the motor control | Experience on Optical Instruments would details of age, qualifications, experience aa 
field. Onhy experienced Siniicelinns be an advantage. preneas salary, and should be addressed to 
men should apply. Box C125 Write in full detail to the Chief Personnel ous Perssamal Manager, A.E.I. Instrumenta- 
Manager, 98 St, Pancras Way, N.W.1. tion Division, P.O. Box No. 1, Harlow, 


Essex. 


Written applications, which will be treated 











CONTROL April 1960 





e Instru- 
Electrical 
Engineer, 
design of 
systems, 
‘he duties 
s of site 
str umenta- 
and quali- 
essential. 


Harlow, 


be treated 
clude full 
rience and 
dressed to 
strumenta- 
, Harlow, 


CONTROL April 


1960 


SITUATIONS VACANT 


Are you 
using 
your assets 
to the best 
advantage? 


If you have a sound theoretical 
background to degree standard 
and can initiate new lines of 
development, then there is a fine 
career waiting for you with us 
at I-C’-T —the largest British 
data processing company. 


GREATER 
PROSPECTS, 
WIDER SCOPE 
FOR YOU AT 
ICT 


Here you will find an enthus- 
iastic and progressive out- 
look, more fundamental 
research, more scope for ini- 
tiative, and more encourage- 
ment to work out original 
ideas and publish the results. 
Exciting work and real pros- 
pects in a rapidly expanding 
company. Nicepeopleto work 
with too, and pleasant sur- 
roundings...infact, probably 
the kind of job you’ve always 
been thinking about. 


Main appointments 


The posts vacant are in de- 
partments for: 


* Development of new circuits 
for digital computers. 

* Draft designs for digital 
computers. 


* Development of high-speed 
mechanisms. 


*New forms of construction 
for digital computers. 


We want top people for jobs 
like these in the research 
laboratories at Whyteleafe, 
Surrey, and at Letchworth 
and Stevenage in Hertford- 
shire. 


Write briefly (age, education 
and experience) to The Mana- 
ger, Personnel and Training 
Division, Ref. No. R/E2, 


International Computers 
and Tabulators Limited 


149 Park Lane, London, Wl 





SOLART RON 


SENIOR SYSTEMS 
DESIGN ENGINEERS 


We have two immediate vacancies for Senior Systems Design 
Engineers to work in the combined fields of Data Handling and goods 
transference for a new Company jointly owned by Solartron and 
John Brown Limited. Their work will be initially in connection with 


AUTOMATIC WAREHOUSING 


involving mechanical handling of goods, electronically - controlled and 
programmed to meet incoming order requirements. 


A SENIOR SYSTEMS DESIGN ENGINEER 


to study customers’ existing systems and to propose schemes for the 
integration of these systems with automatic warehousing and self-service 
installations. A knowledge of Organisation and Methods techniques is 
required and particularly experience in mechanical handling systems, 
together with the ability to prepare proposals and to estimate systems 
costs. (Ref. 252) 


A SENIOR SYSTEMS DESIGN ENGINEER 


te assess economic optimum conditions of automation in the above fields, 
and to produce block schematics, proposals and estimates of systems costs 
for the electronic control, programming and associated data handling. He 
will work together with Planning and Production Engineers throughout 
manufacture, test and instailation. Successful candidates should, therefore, 
be familiar with business data handling methods and have experience in 
electronic logic design and in estimating both for our own manufacture 
and sub-contracted items. (Ref. 253) ‘ 


The appointments will be initially at Farnborough, Hampshire and later in London. These 
are senior positions and command corresponding salaries. 


PLEASE WRITE TO ERIC BULL, PERSONNEL OFFICER 


SBLAKTRON SOLARTRON ELECTRONIC GROUP LTD 
FARNBOROUGH, HAMPSHIRE. 


RESEARCH ENGINEERS 
RESEARCH TECHNICIANS 


Applications are invited for the above posts from suitably qualified and 
experienced graduates for the post of Research Engineer and from holders of 
Higher National Certificate /Diploma or equivalent qualifications for Research 
Technician. 


The Work of the Research Department is concerned with the development 
and experimental application of new industrial electrical control methods 
having particular reference to semi-conductor and kindréd techniques. 


SALARY — commensurate with ability and experience; we appre- 
ciate that salary is an important factor in deciding 
to move to new employment. 


PENSION FUND — _§ the Company have a contributory Pension Fund 
together with Life insurance cover. In certa‘n cir- 
cumstances it is permissible to transfer existing super- 
annuation contributions. 


INTERVIEW reasonable out-of-pocket travelling expenses will be 
paid to those applicants invited for interview. 
Please send postcard, giving name and address, for official Application Form, 
to °— 
PERSONNEL MANAGER, BROOKHIRST IGRANIC LIMITED, 
NEWRY PARK, CHESTER. 


AGENCIES WANTED 


DRAUGHTSMAN 
required in the 
Electro-Mechanical 
Instrumentation 
field 


Applicants should have expericnce 
in circuits and electrical draughts- 
manship, with a good general 
engineering background. Pension 
scheme and canteen facilities. 
Write to: 
PARKINSON COWAN 
INSTRUMENTS 
7/17 FITZALAN STREET, 
LONDON, S.E.11 


DRAUGHTSMAN 
» 


A young man is offered excellent 
prospects in the Mechanical Design 
Office of a young expanding com- 
pany in the North Acton area of 
London, Some previous experience 
in a Drawing Office is essential 
and possession of O.N.C. is desir- 
able. Starting wage will depend on 
previous experience. 5-day week. 
Pension Fund. Canteen and Social 
Club. 
+ 


Apply to: 
Personnel Officer, 
LEO Computers Limited, 
151A-159A Queensway, 
LONDON, W.2 


ELECTRONIC ASSISTANT 


is required by the Production Group of the Atomic 
Energy Authority at Calder Hall. 

The work is mainly associated with the maintenance 
of a Computer and Data Loggers, but the successful 
candidate will be encouraged to gain experience in 
the maintenance of the Nuclear Electronic Instru- 
mentation associated with Reactors. Extensive train- 
ing will be given in every aspect of the work, in- 
cluding special training at manufacturers’ works. 
Candidates must have served a recognised appren- 
ticeship or had comparable training and preferably 
should have had some experience of this type of 
work, Possession of an Ordinary National Certifi- 
cate may be an advantage. 

Salary with the scale £740 (at age 26) to £925 pa. 
Contributory Superannuation. Staff Housing Scheme. 
Send postcard for application form, quoting refer- 
ence P/W.22/5.50, to Recruitment Officer, 
U.K.A.E.A., Production Group, Windscale Works, 
Sellafield, Seascale, Cumberland. 

Closing date: 25th April, 1960. 


SAVE YOUR COMPANY’S TIME 
(and your own!) 


by telephoning 
MUSeum 8252 


for prompt insertion of 
classified advertisements 
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Experienced Programmers 
for New I:C:T 
London Computer Centre 


We offer you more scope, 
good pay, and excellent prospects 


We want more programmers at the 
new I'C’T London Computer Centre, 
for work on new equipment and ex- 
tensions in service for I-C’T users. 


Because our commercial computers 
are the most widely used in Britain, we 
have at I'C’T a rapidly expanding work 
programme. This is an outstanding 
opportunity for experienced men and 
women who like to work in a stimulat- 
ing environment, and who thrive on the 
large and varied diet which only a firm 
such as I‘C’T can offer. 


The work to be done covers the full ex- 
ploitation of existing and imminent 
computers and I.D.P. systems involving 
a variety of input/output media. It 
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includes the evaluating of proposed 
systems, the preparation of utility 
routines, and the development of com- 
pilers leading to the creation of 
complete automatic coding and pro- 
gramming systems. 


If you would like to make an appoint- 
ment to meet us, write (quoting refer- 
ence CG/CP/3 on letter, please) to The 
Manager, Personnel and Training 
Division, 


International Computers 
and Tabulators Limited 


149 Park Lane, London W1 
Telephone: HYDe Park 8080 














SUPPLIES & SERVICES 
SECTION 
CAPACITY AVAILABLE 


BUSINESS OPPORTUNITIES 
CONSULTANTS 








PRESSINGS AND 
LIGHT ASSEMBLIES 


PRESSINGS IN ALL FACTORY TIME RECORDERS. Rental 
METALS service. Phone, Hop 2239. Time Recorder 
Supply and Maintenance Co., Ltd., 157- 


AGENCIES WANTED 


PROGRESSIVE COMPANY of 
instrument makers and precision 
engineers are willing to enter into 
licensed agreement with patentees 
of electronic and _ mechanical 
instruments with good market 
prospects. 
Adequate facilities for develop- 

ment and production. 
Inquiries to: 

V. Lovett, Esq. 

H. & B. PRECISION 
ENGINEERS 


Station Estate, Watford, Herts. 


TIME RECORDING SERVICE 


up to 60 tons 159 Borough High St., SEI. 


Press tools manufactured in 
our own toolroom. Light 
assemblies—Domestic, Electri- 
cal and Mechanical. All 
finishes. A.I.D. and A.R.B. 
approved. Advice and estimates 
given free. 


Inquiries to: 
METAL COMPONENTS 
LTD. 


DOLPHIN ROAD 
SHOREHAM-BY-SEA 
SUSSEX 


Telephone : 
Shoreham-by-Sea 2224-5 
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CAPSTAN TURNING 
AND CABLE FORMING 


IF you require high-class work 
with prompt delivery, may we 
please quote you? 
CAPSTAN turning up to 13” dia., 
Centre Lathe, Multi-spindle Drill- 
ing, Assembly, etc. 


ELECTRICAL CABLE FORMS 
to customers’ specification. 


CHARLES BERNARD & CO. 
LTD. 
721 North Circular Road, 
London, NW2 
Telephone: GLAdstone 4019 


~ SOLENOIDS 


PHI 


L-TROL 


SOLENOIDS 


New 6 Page Leaflet (No. 1(8) now available. 
Covers small and medium solid core types 


including 


new types 45, 35, 36 and 37. 


Send for your copy now. 


Quick Delivery Solenoids are normally despatched same day as receipt of order 


PHILLIPS CONTROL (6.B.) 


Dept. E, 
Farnborough, HANTS. 
® phone: Farnborough 1120 


RELAY SYSTEMS 


See 


The \vv/ Plug-in — 
Relay System | -. 


The most highly developed 
Relay System available 


D. ROBINSON and Co. 


7 LONDON ROAD, HOUNSLOW, MIDL 


a HOUnslow 6266, 6267 & 8338 
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SPECIAL SERVICES 


ELECTRONIC AUTOMATED DEVICES. 
Advisory, design, producing capacity avail- 
able. Keen statf hungers for problems. 
Bel Sound Products Co., Marlborough 
Yard, Archway, London, N.19. Telephone: 
Archway 5078. 


MACHINING CAPACITY, for smal! 
precision turning, Vertical and Hori- 
zontal Milling, etc. Prototypes and Spe 
cial Purpose Machines. Press Tools, Jigs 
and Fixtures. S. & H. Bryant & Co. 
284 High Road, Willesden, N.W.10. Tel. 
WIL 2323. 


CHASSIS AND PANEL 
WIRING 
& 
Experienced wirers can give 
prompt deliveries. 


One off and small quantity work 
welcomed. 


Coilwinding facilities available. 


COILWINDING SERVICES 


Ruvigny Works, a Gardens, 
Lower Richmond Road, Putney, 
London, S.W.15 
Telephone : PUTney 2667 





QUALITY—Machining, Sheet Metal, 
Fitting, Electronic Wiring. Manufactured 
to Pattern or Drawing. Development or 
Production. Specialists in Precision 
Miniature Windings. Instruments Over- 
haul and Repair. A.D. and A.R.B. 
Approved, Fenns (Farnborough) Ltd., 
Alexandra Court, Alexandra Road, Farn- 
borough, Hants. Telephone: Farnborough 
2221. 


‘“Uckeerta’ 


Crystals 


Unbreakable glasses for watches, 
clocks and instruments. 

Manufacturer of any shape or style of 
plastic transparent cover for protective 
and viewing purposes on all types of 
mechanisms or instruments. 


Cc. N. BROWNE 
14 Abbotts Road, Cheam, Surrey 
Telephone: Fairlands 3314 


COLLIMATOR CASES LTD. Manufacture 
and design cases in wood, leather and 
canvas for all types of scientific insf*uments 
and equipment; pattern making for the 
instrument trade; high-class joinery and 
cabinet work. Quick deliveries. Special 
prices for large quantities. Memel Wharf, 
399 Albany Road, London, S.E.5.  Tele- 
phone: Rodney 5734/5. 


S. GRAY 
Specialist in Screen Printing of 
SCALES 


and all types of 


MEASURING INSTRUMENTS 


1 Clarendon Road LiBerty 
Colliers Wood, London, S.W.19 4657 
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SPECIAL SERVICES 








THE 
CELLOSE MANUFACTURING CO. LTD. 


Specialists in 
PLASTIC COVERING BY DIPPING OR TUBE 


Available for Immediate Delivery 
CELLULOID & PLASTIC SHEETS AND CUT PIECES 


152/4 CHARLES HENRY ST., BIRMINGHAM, 12 
MID 0349 






COILWINDING CAPACITY 
Modern up-to-date methods 
and multi-winding machines. 

| We invite your enquiries. 


T.S. Precision Engineering 
Co. Ltd., 


Hollingbury, 
Brighton, 6 








TELEPRINTERS, PERFORATORS, RE- 
PERFORATORS, TAPE READERS. Ter- 
minals and V.F. Telegraph multi-channel 
units; Testing Equipment Telephone Car- 
riers and Repeaters; Signalling Rectifiers and 
Relays, Transformers, Transmit and Receive 
Filters; Repeating and Retardation Coils; 
Racks, Relay Bases, Uniselectors, Remote 
Control Transmitters, British, American and 
Batey & Co., Gaiety 
Works, Akeman Street, Tring, Herts. Tel.: 
Tring 2183 and 2310. 


German equipment. 


EDUCATIONAL 


THE COLLEGE OF 
AERONAUTICS 
Department of Aircraft 
Economics and Production 
A Short Course on 


AUTOMATIC PRODUCTION 
& CONTROL 


will be held at the College from 


Monday, 11th July to 
Friday, 22nd July, 1960 


The course is intended to serve as 











an introduction to the subject of 
Automatic Control as applied to 
machine tools. Topics to be 
covered include basic control 
theory, components and actuators, 
and complete control systems; a 
large part of the course will be 
devoted to experimental work on 
components and machine tools. 
Fees for the course are £60 inclu- 
sive of full board residence. 
Further details and forms of en- 
rolment may be obtained on 
application to the Warden, The 
College of Aeronautics, Cranfield, 
Bletchley, Bucks, 
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EDUCATIONAL 





UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF ENGINEERING 


POSTGRADUATE COURSE IN CONTROL ENGINEERING 


The 1960-61 Postgraduate Course in Control Engineering will begin 
on 5th October, 1960, and will last approximately nine months. This 
course has been established in order to meet the needs of Industry for 
men trained to a high standard in the theoretical principles and practical 
application of automatic control and to afford opportunity for study of 
advanced techniques and modern development in the general field of 
Control Engineering. 


The number of students will be limited and applications must reach 
the Secretary of the Department not later than 31st May, 1960. Candi- 
dates should hold a degree in Engineering or a suitable alternative 
qualification and have had some practical training and experience. They 
may be required to attend for interview in Cambridge. 


Further details and forms of application for admission may be 
obtained from the Secretary, Cambridge University Department of 
Engineering, Trumpington Street, Cambridge. 


THE COLLEGE OF AERONAUTICS 
One Year Post-Graduate Course in Control Engineering 1960-1961 


Applications are invited for the one year course in Control Engineering 
which begins on 10th October, 1960, Prospective students must be of graduate 
status in an appropriate branch of science or engineering, or have attended a 
preliminary one year course at the College and, preferably, have had practical 
experience. 

The purpose of the course is to give instruction in the techniques employed 
in control engineering as applied in a wide range of industries. 


Students who complete the course satisfactorily will be awarded the Diploma 
in Advanced Engineering (D.A.E.). 


Further information and forms of application may be obtained from: 
The Warden, The College of Aeronautics, Cranfield, Bletchley, Bucks. 


THE COLLEGE OF AERONAUTICS 


One Year Post-Graduate Course in Flight Control 1960-1961 


Applications are invited for the one year course in Flight Control which 
begins on 10th October, 1960. Prospective students must be of graduate status 
in an appropriate branch of science or engineering, or have attended a pre- 
liminary one year course at the College and, preferably, have had practical 
experience. 

The purpose of the course is to give instruction in the techniques employed 
in the automatic control of all types of flying machine. 


Students who complete the course satisfactorily will be awarded the Diploma 
in Advanced Engineering (D.A.E.). 


Further information and forms of application may be obtained from: 
The Warden, The College of Aeronautics, Cranfield, Bletchley, Bucks. 
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BECKMAN HELICAL 


AHR ee a 


Manufactured in the Beckman Modern Factory in Glenrothes, Fife, Scotland, and 
Distributed by WINSTON ELECTRONICS LIMITED. 


HELIDEL DELAY LINES. 






Engineers the world over 


A one turn to 40 turn Precision Potentiometer now available for every requirement. 


DUODIAL TURNS COUNTING DIALS. 


Some typical examples of Helical Potentiometers, 


SERIES 

Number of turns 
Diameter, inches 
Length of case, inches 


Shaft diameter, inches (nominal) 


Coil length, inches (approx.) 


Mechanical rotation 


Electrical rotation a 
Resistance range, ohms . . 
Best pract. resist. tol. (a) 


Best pract. linearity tol. (b) 


Max. noise millivolts (c) 


Watts at 25°C ambient (d) 
Watts at 40°C ambient .. 


Weight, oz. (approx.) 
Max. starting torque, oz. in. 
Max. running torque, oz. in. 
Moment of inertia, gm., cm* 

Max. taps fe as 

Min. distance between taps 

Max. ganged sections 

Life expectancy, shaft revs. 


WINSTON ELECTRONICS LIMITED, Govett Avenue, Shepperton, Middx. 


A 


10 
1-13/16 
2 


1/4 
46 


4 
3,600° —0 

4 
3,600° —0 
5 to 450K 


° 
1% 


20 I 
3 


2,000,000 








Acknowledged Supreme by 


DIGIDAL TURNS COUNTING DIALS. 



















AJ(7220) L(5700) 
ie, 1 
7/8 3 
1-1/2 1 
1/8 1/4 
18 8-2 
10 
3,600° —0 360° Cont 360° Cont 
10 ~ Jd 
3,600° —0 14,000°( +4 0°) 352+2 t 358°+1° 
25 to 100K 100 to 2-5 meg 5 to 30K 35 50 to 163K 
+ 2-S% +1% +1% +1% +1% 
-0-05% IKQ+0-05% | <2000 +1% £0-1% 
-IKQ +0-01% > 200 2 +0-25% 
250 250 100 
1K & up > 100 2 100 
2°38 8 
, 0 
l 
0-7 
0-6 
0-3 
32 
45°42 
consult factory 
> 2,990,000 








Telephone: Walton-on-Thames 26321 
Telegrams: “‘Winston, Shepperton” 
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MICROCELL ELECTRONICS 
BLACKWATER ESTATE 


- microcel 


MANAGER 


yASSISTAN” 


lectors 


electronics 


Microcell Electronics facilities for Industry are comprehensive and are now 
available for manufacturers of commercial electronic equipment. 
A highly qualified staff of Researchers, Development and Production Engineers 
and Drawing Office Personnel, backed by the full resources of the Company's 
Blackwater estate, offer a complete service for Design Study, Development, Original Research, 
Production and Environmental Testing. Manufacturing capacity at Blackwater is 
equipped to produce either the “ one off” special or larger quantities by the latest 
mass-production techniques. 


Engineers and Senior Executives are invited to write to the Sales Manager 
at the Company's Kingsway address for further details. 


electronics 


A Division of Microcell Limited 


LS A AN La eT es a Te Ie: AT NASA Sena sh /meamsisennscaemrin tascam samen a 


9 Kingsway, London, W.C.2. Telephone: Covent Garden 1262 
Factory and Laboratories, Blackwater, Nr. Camberley, Surrey. Tel. : Camberley 3641 


SEE US ON STAND C108 AT THE I1.E.A. EXHIBITION 
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SOLARTROM 





50 or 100-channel operation gives rapid, accurate 
0.1% absolute accuracy print-out of multichannel 


Low unit cost per channel data for every industry 
4-digit display and print-out 


Commutation by gold-contact 
sealed relays 


Write now for full details 


Rugged construction for THE SOLARTRON ELECTRONIC 
on-site industrial use GROUP LTD. 


Victoria Road, F Hampshire 
Tel: Farnborough (Hants) 
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